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Preventing NUTRITIONAL ANEMIA 
in Infants through a Normal 
DIETARY REGIMEN 


Norrrrionat anemia was present in 45% of the breast-fed and 51% of the bottle-fed 
in a group of more than 1,000 infants studied by Mackay.' Although this anemia was 
of mild degree, it was sufficient approximately to double the morbidity among the artificially fed. 
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prevalent among infants, es- P 7 * wi = 
pecially those living under Daily Requirement 3-11 traces 


conditions of city life, and is It is generally agreed that breast milk and particularly 
attributed to a deficiency Of cow's milk are markedly deficient in iron and copper. But 
available iron and possibly when 1 oz. of Dextri-Maltose with Vitamin B is added to 
also of copper. Its most im- 140z.cow’s milk, properly diluted (as at 1 month), the above 
portant feature is susceptibil- increase in iron and copper results. 

tty to infection, particularly a liability to colds, otorrhoea, bronchitis, and enter- 
itis, and a tendency for infections to become chronic.’ 


Iron, incorporated in powdered milk, should be given as a routine to bottle-fed 
infants, according to the recommendations of this committee in a report to the Min- 


istry of Health. , : , 
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Stored in the liver of the full-term infant is a supply of iron and copper theoret- 
ically sufficient for the first six months of life. But actually the reserve is subject to 
wide variation,' probably because of variations in the iron content of the mother's diet 
during pregnancy. Hill, for example, says, ‘‘If the mother is anemic herself, or if she 
has eaten little iron-containing food during the last months of pregnancy, her off- 

spring is font with an insuf- 


IRON COPPER | ficient iron deposit. . . .’" 























Cow’s Milk, 20 oz. 1.44 mg. 0.24 mg. The trend is also toward 
Dextri-Maltose with ‘the introduction of iron-rich 
Vitamin B, 11% oz. 3.60 0.855 solid foods at an early age. 
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When 4 oz. of Pablum is fed to the 3-months-old infant iron actually contained only 
receiving 20 oz. cow’s milk and 1 oz. Dextri-Maltosewith 3.25 and 6.5 mg., respec- 
Vitamin B, a significant increase in iron and copper takes tively. Pablum, higher than 

oe most foods in iron and con- 
taining standardized amounts of this mineral can be administered as early as the 
third month. Clinical studies by Summerfeldt® show that Mead's Cereal (of which 
Pablum is the pre-cooked form) is capable of increasing the hemoglobin percentage 
of growing children. 


* The desirable iron intake for children, according to Rose et al, is 0.76 mg. 100 calories. 1-6 p-py- 
Infant of 1 month (8'4 Ib.) and infant of 3 months (11! lb.), both require 50 calories per Ib.* Bibliography on request. 
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ADALBERT CZERNY—AN APPRECIATION 


HE publication of this Festschrift by an American journal of 

pediatrics is evidence of the high esteem in which Adalbert Czerny 
is held and the appreciation that American pediatrics has for his con- 
tributions to the care of the sick and of the well child. To some of us 
who had the privilege of working with Professor Czerny during the 
Breslau days, it seemed inevitable that he should be chosen to fill more 
important positions as they became available. 

Graduating from the German University of Prague in 1888, he be- 
“ame a privat dozent in Professor Epstein’s Clinie in Prague in 1893, 
and in the following year was called to Breslau as Professor of Pedia- 
tries to sueceed Doctor Soltmann. In a remodelled flat, the polyclinic 
was opened in 1894, and shortly afterward an adjacent building was 
remodelled and served as a clinie for several years. In 1901 the new 
clinie was opened and in its arrangement Professor Czerny emphasized 
for the first time the value and importance of carefully observed dis- 
pensary material for the development of the hospital and its importance 
for the instruction of students and practitioners. 

Some very interesting studies resulted from the careful observations 
made in this polyelinic. The clinic, with its convenient laboratory and 
library, was a place in which it was a pleasure to work. The daily 
rounds at 12 o’clock frequently lasted until late into the afternoon as 
a particular case of interest was discussed in great detail in the master- 
ful manner of the Professor. It was quite an international family that 
gathered together at the Kinderklinik and I recall many interesting and 
happy days there. In 1910 Professor Czerny was called to Strassburg 
to take over the newly built Children’s Clinic, It was during his first 
year in Strassburg that Doctor John Howland spent many months work- 
ing in his eclinie and derived much inspiration for the development of 
the pediatrie clinic at Johns Hopkins. The Strassburg Clinic was a 
wonderful complex of buildings that Czerny was to leave after three 
years to accept the foremost pediatric chair in Germany which was 
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vacated by Professor Heubner in 1913. At the old Charite Kinderklinik, 
the chair of pediatries occupied in succession by Professors Henoch, 
Huebner and Czerny is to the German pediatrician the highest honor 
that can be achieved. Although handicapped by old buildings and with 
insufficient funds to rebuild after the World War, the wealth of ma- 
terial and the intensity of work made the clinic a Mecca for graduate 
students. Having had the opportunity to visit Czerny’s elinies in all 
three cities, I could not help but appreciate how fortunate I had been to 
have spent my student days with him in Breslau where, in a small 
group, an intimacy existed impossible at the larger clinies. Profoundly 
independent in all of his ideas, he combined the rare abilities of a great 
clinician, of an ardent teacher, and of a keen research worker, Professor 
Czerny is an excellent musician and plays the cello unusually well. The 
musical evenings in his home are a most delightful memory. His hobby 
is photography. 

Professor Czerny’s contributions show his manifold interests. His 
early work on sleep, on amyloidosis, and on blood volume are a prelude 
to his greatest contributions namely, his work on the gastro-intestinal 
diseases of infancy. His first publication was with Moser, appearing in 
1894, from Epstein’s Clinie in Prague. His interest did not restrict 
itself to the diseases of the gastrointestinal tract but grew until it 
encompassed the nutrition of the normal infant and child in all its 
phases, as well as a comprehensive study of the nutritional disturbances 
of childhood. The culmination of his work and that of his many stu- 
dents, together with a complete study of the subjects, is the monumental 
work written with Keller, ‘‘Des Kindes Ernahrung und Ernahrungs- 
stérungen und Ernihrungstherapie.’’ The first edition appeared in 
1906 and the following year, and a second edition in 1925-1927. To 
the student of child nutrition this work is a bible. 

There is another book to which I want to refer because it represents 
Czerny at his best. At a time when a very few were thinking of the 
relation of the pediatrician to the education of normal and difficult chil- 
dren, Czerny published his little book, ‘‘Der Artzt als Erzieher des 
Kindes.’’ This anticipated by many years our efforts to treat the be- 
havior disturbances of children. Appearing in 1908, it has gone through 
seven editions and is as useful today as it was when first published. 

In eonelusion, let me state again that in honoring Professor Czerny 
on his seventieth birthday we are but repaying a debt that American 


pediatricians owe to him and to many others in Germany. At a time 
when pediatrics in America was still in its swaddling clothes, German 
masters took us into their clinics as students and by their inspiration 
and training played a part in the development of pediatries in America 


of which they may well feel proud. 
Henry F. HELMHOLZ. 





ERYTHROBLASTOSIS IN ICTERUS GRAVIS NEONATORUM 


ArTHUR F. Ast, M.D. 
CuicaGo, ILLINOIS 


INTRODUCTION 


REAT advances have been made in the past few years in our 

knowledge of the growth and development of the hematopoietic 
system. One of the greatest gaps in our knowledge of the physiology 
of hematopoiesis concerns the vital changes which take place just 
preceding and following birth. The differences in habitat between 
the intrauterine surroundings of the fetus, and the extrauterine en- 
vironment of the infant, require different physical and chemical physi- 
ologie responses from fetus and infant, as has been shown by Czerny.' 
The intrauterine and extravterine physiology of respiration and cir- 
culation are probably better understood than the corresponding 
physiology of the hematopoietic system. 

The embryology and development of the hematopoietic system is 
fairly definitely known, and extramedullary blood formation is a 
fetal characteristic. The embryonic blood contains some elements 
(primitive erythrocytes) which are not encountered in the extrauter- 
ine circulation. There is still insufficient knowledge as to the fetal 
deposition of iron in the organs of the body. Bunge’s theory of an 
iron reservoir or depot, laid down in the liver in the last few months 
of fetal life, which has so long been an accepted explanation, is no 
longer held. 

Following the onset of labor a gradual and continuous destruction 
of the erythrocytes of the polyeythemie fetal blood occurs for a vary- 
ing period. The exact site of this blood destruction is thought to be 
in the cells of the reticuloendothelial system and also to oecur directly 
in the blood stream. Certainly, according to Mann and his coworkers” 
the conversion of hemoglobin into bilirubin, does not occur in the 
liver cells. Physiologie icterus neonatorum is closely linked with this 
destruction of the polycythemie blood of the newborn. 


Under the title ‘‘icterus gravis neonatorum,’’ a group of cases re- 


ported in the literature have been segregated into a definite clinical 
syndrome. Newborn infants, either at birth or a few hours thereafter, 
develop a rapidly deepening jaundice, associated with anemia, and 
the presence of a great number of immature red blood cells, erythro- 
blasts, in the circulation. Associated with the jaundice, anemia and 
erythroblastie blood picture, are ‘‘Kern icterus’’ iron deposition in 


From Department of Pediatrics, Northwestern University Medical School. 
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the internal organs, extensive extramedullary foci of blood formation, 
familial history, sometimes enlargement of the placenta and yellow 
coloring of the vernix caseosa, and infrequently a slight edema. 

An elucidation of the etiology of this disease of the newborn, would 
no doubt throw great light upon the physiology of hematopoiesis in 
the newborn and upon the mechanism of physiologic icterus neo- 
natorum. Some very recent reports have suggested the association of 
familial icterus gravis with other diseases of the newborn. They may 
be grouped as follows: 

(A) leterus gravis neonatorum has been closely linked with hy- 
drops congenitus universalis.7"* (B) Most recently it has been sug- 
gested that the clinical entity termed ‘‘anemia of the newborn’’ may 
show characteristics relating it to both icterus gravis neonatorum 
and hydrops congenitus.’® 7 448 (C) Sinee the comprehensive 
review by Knoepfelmacher™ in 1910, infection has been suggested as 
the etiologic agent, causative of icterus gravis neonatorum, and two 
recent reports suggest such an etiology.** *° I wish to add two cases of 
icterus gravis neonatorum with erythroblastosis to those already re- 
ported, and to present a speculative discussion on the pathologic rela- 
tionships of this clinical group. 


CASE REPORTS 


Case I.—Clinical History.—A white male infant, weighing 4015 gm., was born on 
July 21, 1928. The mother had been well during pregnancy, a para ii, the first-born, 
a male, four years of age, was living and well. The mother’s Wassermann reaction 
was negative, and there was no history of miscarriages, or stillbirths. 

At birth it was noted that the ery was feeble, respirations rapid, and the skin 
cold, and pale, with a slight yellow tinge. Jaundice developed a few hours after 
birth, and increased rapidly until death, 72 hours later. The infant was feeble at 
birth, and toxicity increased with the jaundice. The extremities were limp and 
atonic, and reflexes were depressed; no signs of increased cerebral tension were 
present, and there were no convulsions. Spleen and liver were palpable and the 
splenic enlargement became quite marked. The infant refused the breast, and was 
fed with difficulty from a medicine dropper. Meconium stools were passed, and 
the urine was a dark yellow-brown color. The temperature was normal throughout. 
Twenty ec.c. of whole blood were injected intramuscularly into the gluteii, with no 
favorable response on the part of the infant, who became moribund and expired 
72 hours after birth. 

The blood findings were as follows: Hemoglobin (Sahli) 56 per cent; red blood 
cells, 2,510,000, of which there were between 90,000 to 115,000 nucleated red blood 
eells per cubic millimeter. There was marked variation in the size, and slight 
change in the shape of the erythrocytes; and diffuse basophilia, and the immature 
cells varied from very early proerythroblasts to normoblasts. Occasional punctate 
basophilia was noted (Fig. 3). 

The white blood cells numbered 25,600, and the differential count showed 58 
per cent polymorphonuclear neutrophiles: 1 per cent eosinophiles; 36 per cent 
lymphocytes; and 5 per cent large mononuclear cells. Platelet count was, 75,000 
per cu. mm. Coagulation time was prolonged to 10 minutes, 30 seconds, and 
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bleeding time extended over 2% hours. Fragility test—hemolysis starts at 0.42 per 
cent. Urine gave a 2 plus bile test, otherwise normal. 

Postmortem Ezxamination—(Dr. Paul Cannon, at Chicago Lying-In Hospital.) 

Gross Anatomy.—Well-developed, full-term male infant, weighing 4015 gm. 
Marked generalized icterus gravis; over the skin of entire body are bluish mottlings. 
There is marked edema of the subcutaneous tissues. The scrotum is engorged with 
fluid. There are no external marks of trauma, except needle puncture marks in 
the buttocks. Umbilical cord appears normal. Subcutaneous tissues contain more 
than normal amount of fat. 

Abdominal Cavity.—It contains about 15 e¢.c. unclotted blood, together with 
blood clots in the dependent portions. 

Pleural Cavity.—Free from fluid, but parietal pleura contains diffuse areas of 
eecchymosis. The muscles are extremely pale. 

Larynx and Trachea.—The trachea is stained greenish. 

Esophagus.—The esophagus is normal. 

Thyroid and Thymus.—The thymus shows diffuse ecchymotic hemorrhages. 

Heart, Aorta and Vessels.—Foramen ovale is anatomically patent. The right 
atrioventricular cusps are normal. Heart weighs 30 grams. All orifices and 


cusps appear normal. The myocardium is extremely pale and is stained yellow. 


Inngs.—The visceral pleura contains numerous ecchymotie hemorrhages together 
with occasional larger areas of hemorrhage. The epicardium also contains diffuse 
ecchymoses. The lungs are not collapsed, but air containing. They show no areas 
of consolidation or atelectasis. Cut surfaces are stained yellowish-green and con- 
tain ecchymotic hemorrhages from 1 to 5 em. in diameter. Lungs float in water. 
The bronchial mucosa contain fine petechial hemorrhages. Left lung weighs 29 
grams, the right 42 grams. 

Liver.—It is enlarged and on the superior surface of lower lobe is a circum- 
scribed area of white fibrous thickening extending about 1 mm. into liver sub- 
stance. Liver tissue is greenish-brown and is practically free from blood and 
weighs 240 grams. The gall bladder contains about 2 c¢.c. of bile which is extremely 
greenish and viscid. The bile ducts are patent, and no obstruction to biliary or 
hepatic ducts could be found. 

Spleen.—The spleen is greatly enlarged and weighs 42 grams, is purplish and 
firm. Cut surface is cyanotic and firm, and shows no gross abnormalities. Cut sur- 
face also is rather dry. 

Pancreas.—Appears grossly normal. 

Gastrointestinal Tract.—Stomach, duodenum appear normal. The renal veins 
are anterior to aorta. The retroperitoneal tissue contains localized areas of hemor- 
rhage. 

Adrenals.—The adrenals are greenish, but appear otherwise normal. They weigh 
7.5 grams. The left ureter is dilated to diameter of 6 mm. The right is normal 
in size. 

Kidneys.—The left kidney is extremely green, particularly the cortical tissue 
being discolored. Otherwise appears normal. Right kidney resembles the left and 
together weigh 45 grams. The right tunical vaginalis testis contains about 5 c.c. 
of clotted blood. The left tunica vaginalis contains 2 ¢.c. of a greenish colored 
fluid. 

Brain and Meninges.—Skull and cranial tissues stain greenish and contain numer- 
ous petechial hemorrhages, particularly prominent in the temporal muscles. On 
opening the skull there is marked edema of leptomeninges which are stainéd green- 
ish. Both hemispheres are pale. The leptomeningeal vessels are much paler than 
normal. There is no subdural hemorrhage. Falx cerebrum is greenish and contains 
no hemorrhages. The tentorium cerebelli are intact. There is increased amount of 
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greenish stained fluid just beneath tentorium. The brain is extremely edematous. 
The lateral ventricles contain normal quantity of greenish fluid. The brain tissue 


proper is extremely soft and greenish-yellow. 
Histologic Examination. Liver—Shows a great many areas of large cells with 
deeply staining nuclei, which are embryonic blood-forming cells, forming 


hematopoietic foci (Fig. 1). These hematopoietic areas are thickly scattered 
throughout the liver tissue in the triads and various parts of the liver lobules. 
There is considerable destruction of liver cells, most marked in the periphery of 
the liver lobules. The liver cells contain considerable light brown staining pigment 
(bile pigment), and considerable deposits of greenish pigment (iron) are scattered 
throughout in the reticuloendothelial cells. Many of the bile capillaries contain 
bile thrombi, both in the areas where there is liver cell damage, and also in those 


areas where the liver cells are uninjured. 














Fig. 1.—Microscopic section of liver from Case I of icterus gravis neona- 
torum. Clusters of cells with deep staining nuclei are embryonic hematopoietic foci. 
Deep staining liver cells contain bile pigment. (x 250.) 


The diffuse hematopoiesis, the liver cells filled with bile pigment, the iron deposits, 
and the bile thrombi are the essential features in the histologic picture of the 
liver. 

Spleen.—Enormously engorged with blood. Many of the red cells are in 
phagocytes. The red cells appear abnormally granular. There are many eosino- 
philes seattered diffusely. Young blood cells of all types are evidence of increase 
of blood-forming tissue. Malpighian bodies are small but show no definite changes. 
Germinal centers not conspicuous. Many of the macrophages contain pigment. 
There are a few cells resembling marrow cells. 

Bone Marrow.—Shows normal areas of hematopoiesis of the red and white ele- 
ments. 

Lung.—Alveoli contain much protein precipitate but there is no evidence of in- 
flammation. Most of the alveoli are expanded. 
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Thymus.—Contains large numbers of eosinophiles especially in the stroma. There 


is some interstitial hemorrhage and edema. No other recognizable changes. 

Kidney.—Tubular epithelium swollen and granular with much protein precipitate. 
There are many casts in the straight tubules, granular and heavily pigmented. 
Mostly reddish brown. No inflammatory changes. 

Pancreas.—Occasional eosinophile scattered throughout the stroma and in the 
islets. No other recognizable changes. 

Adrenal.—The cells in the central part of the cortex are much vacuolated and 
seem to be somewhat disintegrated. There are a few small areas showing ex- 
travasation of blood. No inflammatory changes. 


Cerebellum.—No changes, except that some small vessels contain hyaline thrombi. 


CAsE II.—Clinical History.—(From the Premature Ward, Sarah Morris Children’s 
Hospital. Service of Dr. J. Gerstley). A white female premature infant, weighing 
2130 gm., of eight months’ gestation was born on April 20, 1933, the seventh child. 
Pregnancy was uneventful, labor was precipitate and rapid. Both the mother’s and 
father’s Wassermann and Kahn reactions were negative. There were six previous 
pregnancies in this family. The first child, born twenty-one years ago, was a full- 
term infant, became jaundiced on the second day and died on the third day of life; 
the second child was born nineteen years ago, an eight months’ premature stillbirth, 
not jaundiced and no edema noted; the third child was born seventeen years ago, 
no jaundice noted, died of pneumonia on the twelfth day of life; the fourth child 
was born fifteen years ago, a full-term infant, jaundiced on the second day and 
died on the fourth day of life; the fifth child was born twelve years ago, a full- 
term normal male infant, living and well; the sixth child was born eleven years 
ago, a full-term male infant, jaundice was noted almost immediately after birth. 
Red blood cell count 1,100,000; white blood cell count 9,800; P.M.N. 71 per cent; 
lymphocytes 27 per cent; eosinophiles 1 per cent; and myelocytes 1 per cent. The 
infant was given several transfusions of mother’s whole blood intrasinously and 
recovered. The child is now living and well and normal in all respects. There was 
no history of hydrops universalis in any of the 7 children in this family. 

The premature infant here reported was transferred to the premature station 
where a progressively deepening jaundice developed. The liver was palpable two 
finger breadths below the costal margin and the edge of the spleen was firm. The 
infant was fed with difficulty, meconium stools were passed, and the urine stained 
the diapers darkly, but none could be obtained for examination. Ten c.c. of whole 
blood were injected intramuscularly on April 20 and ten e¢.c. were given on 
April 22. The infant bled profusely from the nose and expired 48 hours after 
birth. 

The blood findings were as follows: At 8 hours of age, hemoglobin (New- 
eomber) was 47 per cent; red blood cells 2,260,000 of which there were 113,000 
nucleated red blood cells per cubic millimeter. There was marked poikilocytosis and 
slight aniscocytosis; there was diffuse basophilia and many reticulated red blood 
cells were demonstrated with vital staining. There were numerous very early 
nucleated red blood cells. The white blood cells numbered 22,500, and the differential 
count showed 54 per cent polymorphonuclear neutrophiles; 1 per cent eosinophiles; 1 
per cent basophiles; 5 per cent myelocytes; 2 per cent myeloblasts; 31 per cent 
lymphocytes; and 5 per cent large mononuclear cells. Coagulation time was over 
10 minutes and bleeding time extended over one hour. Fragility test—hemolysis 
started at 0.50 per cent and was complete at 0.34 per cent. 

Icterus index was 123 units, and both the indirect and direct Van den Bergh re- 
actions were immediately positive. At death, 48 hours after birth, the red blood 
count had dropped to 790,000 and the hemoglobin to 22 per cent (Neweomber). 
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Blood Iron.—Blood iron determined by the Foweather method was 40.5 mg. per 
100 e.c. at 8 hours of age and 15.9 mg. per 100 ¢.e. at 48 hours. Calculated 
hemoglobin from blood iron was greatly higher than hemoglobin determined by the 
Newcomber method. 


BLoop IRON AND CALCULATED AND DETERMINED HEMOGLOBIN 








BLOOD IRON HGB. (NEWCOMBER) HGB. (CALCULATED) HGB. RATIO 
MG./100 c.c. GM./100 c.c. @M./100 c.c. FE 





40.5 8 13.5 1.16 
1.38 


8 hours 
48 hours 15.9 3.5 5.3 





(Caleulated hemoglobin in grams per 100 e.c. is obtained by multiplying blood 
iron by faetor 335.) 
POSTMORTEM EXAMINATION 


(Dr. Marion Corrigan, at Michael Reese Hospital) 


Gross Anatomy.—The body is that of a fairly well-developed, premature (seven 
months’ gestation) female infant weighing 2000 grams and measuring 48 em. Liver 
and rigor mortis are absent. The skin and sclera are deeply icteric. There are 
several punctate hemorrhagic spots on the skin of the forehead. 

On section, the skin is elastic, the subcutaneous fat tissue negligible. 

The pleural, pericardial, and peritoneal cavities show no gross changes. 

The heart is of normal size. The valvular apparatus is intact. The myocardium 
is firm brownish red. The foramen ovale and ductus arteriosus are patent. The 
intima of the entire aorta is colored deep yellow. 

The lungs are semi-firm. The pleural surfaces are smooth. The surfaces of the 
lungs are mottled and dark red. Only small portions of the lung margins are pink- 
gray. The sectioned surfaces are dark red, smooth but for occasional small raised 
granular areas. The trachea and bronchi show no changes. 

The liver is firm, brownish red, and the surfaces smooth. On section, the surfaces 
are brownish red, the markings poorly defined. The gallbladder and bile ducts 
show no changes. The liver weighs 110 gm. 

The spleen is markedly enlarged and weighs 50 grams. It is purple-red, and on 
section the trabeculae are easily discernible, the follicles obscure. 

The kidneys are purple-gray, firm, and lobulated. On section, the medulla is well 
defined from the cortex. In the medulla are glistening plaques of yellow tissue. 
The pelves, ureters, and bladder show no changes. 

The uterus, tubes, and ovaries show no changes. 

The pancreas, adrenals, and thymus show no changes. 

In the mucosa of the ileum are a few hemorrhagic areas; otherwise the gastro- 
intestinal tract shows no changes. 

On opening the calvarium, the meninges are seen to be somewhat hyperemic. 
In the basal nuclei are shining yellow streaks and plaques; Kern icterus. There is 
no evidence of hemorrhage. 

The marrow of the long bones appears deeply red. 


HISTOLOGIC EXAMINATION 


Heart.—Sections of the myocardium stained with hematoxylin-eosin show no 
histopathological changes other than the presence in the blood vessels of many 
immature cells. 

Lungs.—There is some extravasation of red blood cells into the subpleural spaces. 
Most of the alveoli are filled with red blood cells and dark brown granules. These 
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granules are largely free in the alveolar spaces, a few being mononuclear cells. The 
bronchi contain many red blood cells and masses of pink-staining material (fibrin) 
in the meshes of which are mononuclear cells. At the margins of the hemorrhagic 
areas the alveoli are dilated and confluent. 

Liver.—The sections stained with hematoxylin-eosin show the cytoplasm of the 
parenchymal cells vacuolated and containing numerous dark brown pigment granules. 
The sinusoids are dilated, the Kiipffer cells filled with brown granules. In the bile 
capillaries are many bile thrombi. Scattered through the sections are accumulations 
of cells located in the sinusoids. In sections stained by the Giemsa method these 
cells show the characteristics of myelocytes, nucleated red blood cells, undifferentiated 
mononuclear cells, and occasional large polynuclear cells (megakaryocytes). 

Spleen.—In the sections of spleen the differentiation between follicles and pulp 
is obscured, the lymphoid tissue diffuse. Throughout the sections are seen many 
immature cells and a large amount of brown pigment, some of it within mononuclear 
cells, some extracellular. 

Kidneys.—In the tubules close to the glomeruli the lining cells are swollen, al- 
most obliterating the lumina. Occasionally, the cytoplasm of these cells contains 
dark brown granules. Stained by Mallory’s ferrocyanide method, these granules 
appear Prussian-blue (iron). 

Suprarenals.—There is some extravasation of blood into the medulia. 

Pancreas and Thymus.—No histopathologic changes. 

Bones.—(Femur.) The epiphyseal lines are fairly straight. The medullary 
spaces are filled with mature and immature cells and occasional osteoid giant cells. 
Many cells are seen very close to the periosteum. 

Brain.—The sections through the basal nuclei reveal some increase in vascularity. 
There are dark brown pigment granules within the ganglion cells. 


REVIEW OF CLINICAL SIGNS AND SYMPTOMS 


The most striking clinical manifestation of icterus gravis neonato- 
rum is jaundice. It may be faintly present at birth, but rapidly in- 
creases in severity and intensity during the first hours after birth.” 
It is unusual for the icterus to develop later than the first twenty- 
four hours after birth, which is a differentiating feature from physio- 


logic icterus neonatorum which generally appears after the third day 
of life. 

The rapidly developing icterus stains the skin, sclerae and mucous 
membranes to a deep yellow-brown color, which reaches great intensity 
within twenty-four to forty-eight hours after birth. This extremely 
rapidly developing and pronounced jaundice is the most striking sign 


of the disease. 

Many of the reported cases of icterus gravis neonatorum have been 
well-developed, full-term infants, as the case of the infant here de- 
seribed, though a considerable number have been prematurely born. 
Symptoms of the disease are often present at birth; the cry may be 
feeble, the infants are often drowsy and toxic, difficult to arouse, re- 
fuse, or are unable to take the breast or bottle. In contrast to those 
with somnolence, flaccidity and hypotonicity, some occasionally de- 
velop clonic contractures, opisthotonos, and generalized convulsions 
as signs of cerebral irritation. These latter manifestations are par- 
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ticularly associated with those infants who develop the nuclear or 
**Kern icterus.’"*"'"'* No one who has ever seen such a newborn 
infant, afflicted with this intense jaundice, will deny that the infant 
is desperately ill. 

Oceasionally a slight edema may be noted in these jaundiced infants, 
which is of quite a mild degree, and involves the extremities, chiefly 
the hands and feet. Petechiae and more extensive eechymoses have 
also been noted on the skin, as well as hemorrhage from the mucous 
membranes of the mouth and nose. Bleeding has also been reported 
from the umbilical stump and intestinal tract, and is probably associ- 
ated with the prolonged bleeding time frequently noted. 

Cases of ieterus gravis neonatorum have been reported, as of either 
familial or sporadic type, in fact its occurrence in successive pregnan- 
cies has led to the inclusion of the ‘‘familial’’ or the ‘‘habitual’’ type 
of icterus gravis neonatorum, as a descriptive title of the disease. 
Nevertheless, sporadic cases are of recognized occurrence. 


The disease is known to oceur in many races, and cases have been 
reported from infants of English, Dutch, German, Scandinavian, Rus- 
sian, and Italian parentage. The first eases reported in the American 
literature were in 1916.%° Recently an authentic case of Chinese 
parentage has been reported.” DeLange® reports a family in Gron- 


ingen, in which a mother lost two children with icterus gravis neo- 
natorum in preceding pregnancies, and was finally delivered of twins. 
The first, a boy, developed icterus gravis neonatorum, and the second, 
a girl, was born with hydrops congenitus universalis. 

Hilgenberg™ reports a mother who had several normal children by 
her first marriage, and gave birth to six infants who died of icterus 
gravis neonatorum by her second marriage. On the other hand, E. V. 
Gierke*® reports the case of a father who had a normal daughter by 
his first marriage, and by his second wife two newborn infants who 
succumbed shortly after birth and were found at autopsy to have suf- 
fered with icterus gravis neonatorum. There is good evidence then, 
to point to the familial nature of the disease, though sporadic occur- 
rences have also been noted. The two families quoted in which second 
marriages occurred, might point to a hereditary factor. In Hilgen- 
berg’s report, the mother had normal children by her first marriage, 
and the second husband would be implicated. On the contrary, in V. 
Gierke’s report the father had a normal daughter by his first wife, 
so that the wife of the second marriage would be suspected of the heredi- 
tary transmission. Though the familial tendency ean be definitely 
stated, there are too few reports to assume a hereditary transmission. 

Besides the signs and symptoms already mentioned, enlargement of 
the liver and spleen is usually noted, the latter being enlarged con- 
siderably, and of a firm consistency. 
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Hematologic findings are of great interest. The anemia is of a se- 
vere degree and the pallor is quickly masked by the deep jaundice. 
It is of a hyperchromic type, the color index being 1 or above. There 
is a rather marked poikilocytosis with only slight anisocytosis. The 
white blood count is moderately increased with little change in the 
differential count, and occasional immature white cells are found. 

The most important and characteristic change in the blood picture, 
is the enormous number of immature and nucleated red blood cells 
found in the circulating blood ; from 50,000 to over 100,000 per cu. mm. 
They vary from the very early erythroblasts to normoblasts and 
basophilic red cells, and the nuclei of these immature erythrocytes 
show many mitotie figures. A few of these early erythrocytes are 
probably proerythroblasts.** A possible relationship between the 
presence of these many immature erythrocytes in the blood with the 
extramedullary erythropoieses will be discussed later. A greatly in- 
creased number of reticulocytes may be demonstrated in smears 
stained with vital stains. 

The platelets are diminished in number, averaging 80,000. Com- 
bined with this relative thrombopenia, we note a slightly increased 
clotting time and a greatly increased bleeding time, which probably 
accounts for the tendency to skin eechymoses, hemorrhage from the 
mucous membranes, and the petechiae found on the internal serous 
surfaces and in the viscera. The first blood iron determinations to be 
reported in a case of icterus gravis neonatorum, are those from Case 
II here presented. The blood iron values obtained were considerably 
higher than would be expected for the determined grams of hemo- 
globin per 100 e.c. (Neweomber). 

The resistance of the red blood cells to various saline concentrations 
is little changed. The icterus index of the blood serum is greatly 
increased and a biphasic Van den Bergh reaction is usually present. 
The Wassermann and Kahn blood reactions in these cases are both 
negative. We may summarize the characteristic blood findings, as 
severe hyperchromic anemia, of hemolytic origin; marked erythro- 
blastic blood picture, as evidenced by the immature red blood cells; 
increased number of reticulocytes; thrombopenia and greatly in- 
creased bleeding time; and an increased amount of bile pigment and 
iron in the cireulating blood. 

The urine has, in the majority of cases, shown a positive test for 
bile pigment, indicating the obstructive, as well as the hemolytic 
origin of the jaundice. 

The placenta has been reported as enlarged in a number of the 
reports ;* * 7°"! with a yellowish vernix caseosa covering the infant 
at birth. 

A fatal outcome has ensued in the majority of reported cases, 
though the eventual termination may depend upon the severity and 
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intensity of symptoms. Some cases have been reported as recovering 
spontaneously, while in others the improvement was thought to be 
due to prophylaxis and therapy. Death may occur within the first 
twenty-four hours, or within the first to third weeks after birth. 
These distinctive symptoms and signs, give a clear-cut picture of 
the symptom-complex designated as familial icterus gravis neonatorum. 


PATHOLOGY 


The gross anatomic picture is characterized by a deep yellow-green 
staining of practically all of the internal organs and serous mem- 




















Fig. 2.—Microscopic section of liver from Case I of icterus gravis neonatorum. 
B.T.—bile thrombi in bile capillaries. P.B.T.—phagocytosed bile thrombus. The cells 
with deep staining nuclei are early erythroblasts. (<700.) 
branes. Accompanying this staining of the organs, are small petechial 
and ecchymotie hemorrhages in the organs and serosae. As in the case 
here reported, the brain and its coverings may display a greenish 
stain, and the cerebrospinal fluid may also be discolored. 

The liver shows the most pronounced microscopic change. Great 
numbers of embryonic blood islands are scattered throughout the liver 
section. These hematopoietic centers consist of erythroblasts, situ- 
ated especially about the periphery, whereas large primitive baso- 
philic proerythroblasts form the center of these areas. Cells of the 
granulocyte series were also noted, but to a lesser degree, in the extra- 
medullary islands. 
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The liver cells, themselves, have been found to be deeply stained 
with bile pigment. There are areas of liver cell damage, marked by 
cell necrosis and some fatty degeneration of the liver cells. The 
Kupffer cells contain considerable amounts of iron pigment. 

Bile thrombi crowd the bile capillaries, and have been reported in 
numerous cases (see Fig. 2). Iron deposition in the reticuloendothelial 
cells is pronounced and is associated with the phagocytosis and lysis 
of the erythrocytes in these cells. 

Spleen and kidneys show marked accumulations of iron pigment, as 
well as some extramedullary hematopoietic areas, as do the pancreas, 
thymus, adrenals and some other organs.” * * * ™ 

The bone marrow may show normal to increased* ** degrees of white 
and red blood cell hematopoiesis, and some diminution in the mega- 
karyocytes.* * ™ 


THEORETIC DISCUSSION OF PATHOLOGIC FINDINGS 


It would be interesting to speculate on the relationship of the vari- 
ous pathologie findings, and I offer the following theoretic possibili- 
ties : 

1. Icterus.—As has been previously noted, Mann’ and his coworkers 
have shown that hemoglobin is broken down in the reticuloendothelial 
cells and in the blood stream, to form bilirubin, which is then taken out 
of the blood by the epithelial liver cells and is stored and excreted by 
them into the bile capillaries, and thence into the larger hepatic ducts. 
The epithelial liver cells, therefore, do not form or secrete bilirubin; 
they simply store and excrete this pigment. 

Similar in many ways to kidney excretion, the liver cells must ex- 
crete the bilirubin brought to them by the blood stream, and jaundice 
will not occur if excretory demands are sufficiently met in the absence 
of obstruction of the bile passages. It might be possible that jaundice, 
in the absence of obstruction, can then be caused by bilirubin being 
produced faster than normal liver cells are able to excrete it. Fur- 
ther, it might be caused by disturbed or damaged liver cell excretory 
ability with a normal rate of formation of bilirubin, which cannot be 
removed satisfactorily. It can be further pointed out, that there may 
be an actual diminution in the number of liver cells through destruc- 
tion or necrosis without a resulting jaundice, if the remaining he- 
patic cells are able to excrete bilirubin normally. However, while a 
damaged liver may be capable of ridding the blood of a normal amount 
of bilirubin, such a liver would be unable to excrete an excess produc- 
tion of this pigment and jaundice would result from the retention of 
this material. 

I have previously pointed out that normally, with the onset of labor, 
a gradual and continuous destruction of the polyecythemie fetal blood 
occurs, and blood destruction goes on in the newborn at an increased 
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rate. This must result in an increased bilirubin formation during the 
first few days of life, and is probably one of the chief causes of physio- 
logie icterus neonatorum. A damage to the epithelial cells of the 
liver in ieterus gravis has been described since the early report of 
Pfannenstiel** and has been confirmed by nearly all subsequent re- 
ports. The increase in bilirubin formation, together with the damaged 
liver cells, may produce icterus in the absence of obstruction to bile 
duets.** This may be demonstrated by an indirect Van den Bergh 
reaction, presence of increased urobilin and absence of bilirubin and 
bile salts in the urine. This would not explain the bile pigment in the 
urine, and the positive direct Van den Bergh reaction. 

The presence of bile thrombi in the bile capillaries (Fig. 2) will aid 
in this explanation. The direct Van den Bergh reaction and the pres- 
ence of bile pigment in the urine can only be accounted for on the 
basis of an obstruction to the flow of bile in the bile passages. Bloom** 
has shown that following complete obstruction of the common bile 
duct experimentally, the increasing amount of bilirubin in the blood 
gives at first, only the indirect and later the biphasic Van den Bergh 
reaction. The obstructed bile fills the small bile ducts and diffuses 
into the lymph spaces and then into the blood stream. An actual 
rupture of the bile capillaries need not take place. The plugging of 
these bile capillaries by bile thrombi may be sufficient to cause a reflux 
of bilirubin into the lymph spaces and blood stream. 

As an explanation for the jaundice, we may, therefore, conclude 
that an inereased bilirubin production, and an impaired excretion 
result in a retention icterus; the bile thrombi explain the obstructive 
or regurgitation icterus; and all signs and tests indicate a combination 
of these two mechanisms in the production of jaundice in icterus 
gravis neonatorum. 

I have accounted, in part, for the increase in bilirubin excretion, as 


a physiologic phenomenon, occurring normally at birth. What causes 
the liver cell damage and what the bile thrombi? 


It is apparent from a microscopic examination of the liver that we 
are dealing with an organ abnormal for a full-term or premature in- 
fant. The tremendous number of hematopoietic foci simulate the 
embryonie organ of a fetus of from three to five months’ gestation.» ”° 
I ean only believe, from a study of the cases in the literature and those 
here reported, that we are dealing with a fetal type of liver, which 
for unknown reasons, has failed to mature properly. There is no 
evidence to suggest that the liver has developed normally, and that 
the hematopoietic foci are of a compensatory nature. The bone mar- 
row shows no changes indicating incapacity. Further, any such com- 
pensatory process developing shortly before and after birth, would 
hardly be conceivable in so short a time. 
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Another explanation offered, suggests that the overcrowding of the 
liver with hematopoietic foci could cause pressure atrophy and dam- 
age to the liver cells; enough to cause obstruction as well as hemo- 
lytic jaundice.'' If this were possible, would not every embryonic 
liver be overcrowded; would not obstructive jaundice occur in every 
leukemic infiltration; in Niemann Pick’s disease, in every metastatic 
liver carcinomatosis, and in diffuse hemangio-endotheliomata? 

An arrested fetal development of the * liver may be due to a de- 
feetive anlage, and possibly the familial occurrence of this condition 
may be sought for in germ plasm defect. Toxie influence early in 


pregnancy,” as in congenital syphilis, might also retard liver growth 


and cause the arrested fetal development.* 

It may be supposed that in this condition the embryonic liver takes 
eare of bilirubin excretion until near the end of pregnancy, be it of 
premature or full-term duration. The fetal hematopoietic foci in the 
liver, augment the blood cell formation from the bone marrow, and 
immature red blood cells are thrown into the circulation.t Increased 
bilirubin formation added to decreased ability of epithelial liver cell 
excretion must lead to an intrauterine bile retention. This we may 
term, Stage I. Accumulation of excess bilirubin in the bile eapil- 
laries, perhaps mixed with a foreign protein substance,”* leads to co- 
agulation of bile pigment in the bile eapillaries, and thus to bile 
thrombi. Occlusion of the bile capillaries by bile thrombi leads to a 
diffusion of bilirubin into the lymph spaces and into the blood stream, 
and thus we have bile regurgitation, Stage Il. Though the fetal kid- 
neys secrete but little urine, there is proof that the amniotic fluid 
contains some fetal urine.*® The bile regurgitated into the blood 
stream is eliminated by the fetal kidney into the amniotie fluid. This 
explains the beer-brown amniotic fluid, and the golden-yellow vernix 
caseosa. The increased number of fetal erythrocytes reduces the 
oxygen-carrying power of the blood, and by increasing anoxemia, may 
cause the enlargement of the placenta noted in this disease, and in 
congenital hydrops neonatorum.* *® ™ 

Should the process only proceed as far as Stage I, due to the abil- 
ity of the liver epithelial cells to excrete sufficiently to keep up with 
bilirubin formation, an infant will be born with only a variable degree 
of hemolytie or retention icterus, which may not be present at birth, 
and which will probably be a mild form of icterus gravis neonatorum 
with a favorable chance for recovery. This also answers Klemperer’s* 
query as to the differences in liver pathology, which may oceur in 
this disease. Returning to the question, what causes the liver cell 


*The most common pathologic change in the liver of congenital syphilis, is its 
general retardation of development. The liver in newborn congenital syphilis is still 
actively engaged in blood formation. MacCallum™ states: “There is nothing clearly 
specific about. such an anatomic picture—the same thing may be found in a normal 
fetus of a rather earlier stage of development, but the abundant distribution of spiro- 
chetae through the tissue determines its syphilitic nature.” 


tTrue also in congenital syphilis. 
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damage? There may be impairment of the excretory power of the 
liver cells in anemia, and also in anoxemia.** The increased number 
of circulating immature erythrocytes may augment fetal anoxemia, 
due to the less efficient oxygen-carrying power of young forms of red 


blood cells. 

The resulting anoxemic increase could produce liver cell damage, 
as MacCallum**® and others have pointed out that damage to liver 
cells, especially in the area about the central efferent vein of the 
lobule, may be due to an insufficient supply of oxygen. 


Fig. 3.—Blood smear from Case I of icterus gravis neonatorum at twelve 
hours of age. 90,000 nucleated red blood cells per cubic millimeter megaloblasts and 
normoblasts, several of the latter undergoing cellular division. (a) are early erythro- 
blasts. May Grunewald. Giemsa stain. 

In some of the cases reported, the liver cell necrosis has been cen- 
tral, and anemia and anoxemia may account for this cell damage‘ 
(Klemperer*'—ease 2). Bile stasis could probably also contribute to 
liver cell damage and necrosis. Beginning with the arrested fetal 
development of the liver (possibly due to a defective anlage or toxic 
influence in early fetal development), I have thus far been able to 
offer a theoretical explanation for the jawndice; the immature eryth- 
rocytes in the circulation; the degrees of jaundice with which the 
infant may be born; the variable antenatal severity of the disease; 
the familial incidence; the coloring of the amniotic fluid and vernix 
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caseosa ; the enlargement of the placenta; the bile thrombi; the liver 
cell damage; and the occurrence of a retention, as well as a regurgita- 
tion type of jaundice. 

We may explain the occurrence of sporadic cases on the assumption 
of toxic influence in early pregnancy, rather than defective anlage. 

2. The Iron Pigmentation.—This finding in the various organs may 
be due to the increased hemolysis of the red blood cells both in the 
circulation and in the reticuloendothelial cells, and may also be due to 
an increased phagocytic action on the part of this system. The in- 
creased destruction of red blood cells in the polyeythemie fetal blood 
with the excess liberation, and destruction of hemoglobin, accounts 
for the increased iron in the circulation (Case II) and in the tissues. 
The breakdown of the excess hemoglobin, liberates iron, and this is 
picked up from the circulation by cells in the liver, spleen, kidney, 
tubules, pancreas, thyroid and other organs. The tissues of the body 
are simply oversupplied with iron, because of the excessive hemolysis 
of red blood cells and the resulting breakdown of hemoglobin through- 
out the circulation. 

This whole process is, in its essential points, merely an accentuation 
of the hemoglobin destruction and iron storage, which normally oc- 
curs in the newborn period. Gladstone** has recently reviewed this 
subject, and pointed out that Bunge’s storehouse theory no longer 
holds, and that the newborn infant is not born with a fetal iron depot. 
It creates its own iron deposits after birth, through the excess hemo- 
globin liberation and destruction when the change from the newborn 
polyeythemia to the normal postnatal values for hemoglobin and red 
blood cells are taking place. Oxygen tension regulates this normal 
decline, from the antenatal anoxemie fetal polycythemia, to the post- 
natal values commensurate with the environmental oxygen tension 
of air. 

3. Erythrocyte Resistance—The relative fragility or resistance of 
immature erythrocytes also deserves discussion. DeLange* has sug- 
gested that the youthful red cells have a greater resistance to hemoly- 
sis than mature erythrocytes. It has been mentioned that in icterus 
gravis neonatorum, the fragility tests of red blood cells against vari- 
ous concentrations of saline solution, varied little from normal. How- 
ever, on closer analysis, more facts are known than this, so that simply 
testing the red blood cells to saline dilutions, and drawing conclusions 
from such tests is not enough. DeLange’s suggestion of an increased 
resistance of youthful red blood cells is also held by Anselmino and 
Hoffmann ;** who propose the theory that the increased resistance of 
the youthful forms is offset by the decreased resistance of the older 
red blood cells. However, recent investigations tend to prove that 
exactly the opposite phenomenon is true; namely that the youthful 
red cells have a diminished osmotic resistance as compared to mature 
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erythrocytes.’ This decreased resistance might aid in explaining the 


rapid disappearance of the youthful forms.** Also any increased 
resistance would then be due to the older red blood cells. The whole 
subject of the normal osmotic resistance of the various aged erythro- 
cytes, as well as the changes in resistance which may occur in jaundice 
and other pathologie conditions, needs much experimental proof, 
before conclusions can be adopted with certainty. 

4. Anemia.—Discussion of the cause for the anemia in icterus gravis 
neonatorum may be brief, as the underlying factors have been already 


Fig. 4.—Blood smear from a case of anemia of the newborn at nine days of age. 
Hemoglobin 24 per cent; red blood cells, 1,270,000; nucleated red blood cells 7800 per 
cubic millimeter. May Grunewald. Giemsa stain. 
traced in detail in the explanation of the occurrence of other signs 
and symptoms. It is assumed in this condition, that a normal poly- 
cythemia exists in the fetus, associated with circulating immature 
red cells. 

The anemia is of a hyperchromic type, and the normal appearing 
hyperplastic bone marrow precludes an aplastic type of anemia. The 
normal fetal anoxemia is probably increased by the poorer oxygen- 
earrying capacity of the immature erythrocytes. The red blood cells 
in the reduced oxygen tension of high altitudes show, besides the poly- 
eythemia, some poikilocytosis, and hyperchromic characteristics. In 
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this type of polycythemia the color index is high, as it is also in the 


normal newborn. Even at heights over 7500 meters, nucleated red 
blood cells have not been found, after careful and particular search.* 
The erythrocytes at high altitudes show outspoken regenerative, but no 
degenerative changes. The anemia of icterus gravis neonatorum is also of 
a hyperchromic type with no degenerative signs. The enormous increase 
in nucleated red cells is, therefore, not associated with lack of oxygen, 
polyeythemia, bone marrow failure, or developmental failure. The 
fetal extramedullary foci produce fetal types of nucleated red cells, 
which may flood the circulation. When hemolysis begins with the 


Fig. 5.—Blood smear from a case of congenital syphilis in a newborn infant 3 
weeks of age. Hemoglobin 30 per cent; red blood cells 1,230,000; nucleated red blood 
cells 60,000 per cubic millimeter. Many normoblasts and extruded nuclei. Wright 
stain. 


onset of labor, as in normal newborns, there is a rapid destruction of 
mature and youthful red cells. If we assume that the immature forms 
are more fragile, they must be destroyed at a more rapid rate in the 
increased oxygen tension after the onset of labor. The process is 
much too rapid for compensatory regeneration to be of immediate 
influence, though in infants who survive, compensatory regeneration 
will aid after some weeks of life. The increasing jaundice probably 
adds to red cell fragility, and increases the rate of hemolysis of the 
red cells. Extremely rapid red cell destruction, for the reasons stated, 
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accounts for the anemia. The circulating nucleated red blood cells 
are present in great numbers, for the same reason that they are simi- 
larly inereased in other diseases where an embryonal persistence of 
hematopoiesis occurs, associated with enormous numbers of extramedul- 
lary blood islands. (Fig. 5.) The cause of the arrested hematopoietic 
development is different in icterus gravis neonatorum, than it is in con- 
genital syphilis, yet the source of the great numbers of nucleated 
red cells is probably the same in both eases. There is no necessity 
then, for assuming a primary metabolic disturbance of the entire 
hematopoietic system, or a compensatory origin of the extramedullary 
blood islands.** Hematopoietic foci are specific for, and outstandingly 
characteristic of, fetal liver. We have therefore, gone one step far- 
ther in the explanation of this condition, and if the facts be correct, 
the theoretic considerations must commence with the cause for the 
persistence of the embryonal type of blood formation. 


ASSOCIATION OF ICTERUS GRAVIS NEONATORUM WITH OTHER ENTITIES 


A. Nuclear Icterus—The occurrence of nuclear or kern icterus 
associated with icterus gravis neonatorum’ probably depends upon 
the degree of jaundice. The condition never occurs in an adult, and 
is not exclusively linked with icterus gravis, as it has been noted in the 
brains of children dying after physiologic icterus neonatorum.'* ™* 
It has been thought that Kern icterus is responsible for the symptoms 
referable to the central nervous system, which occur in some of the 
infants surviving icterus gravis neonatorum. In Case II, here reported, 
a Kern icterus was found. 

B. Hydrops Congenitus Universalis.—The similarity of hydrops con- 
genitus universalis to icterus gravis has been pointed out in a num- 
ber of reports.” ** In the former condition a dropsical infant is still- 
born, dies during birth, or may be delivered dead by cesarean section. 
The edema is universal and marked, there is pallor, and icterus may 
be slight, as noted in the edematous tissues. The blood from heart 
puncture shows greatly increased numbers of circulating immature 
erythrocytes. Pathologically the examination of the organs is simi- 
lar to the changes found in icterus gravis. There are many petechial 
hemorrhages and ecchymoses. Extensive extramedullary hematopoie- 
sis and hemosiderosis have been noted microscopically. 

The liver shows the same number of hematopoietic foci as the liver 
of icterus gravis, and necrosis of liver cells and bile thrombi occur 
as frequently. It is interesting to note the occurrence of bile thrombi 
in combined reports of the two conditions. In reporting four cases of 
icterus (3 own and 1 literature), DeLange and Arntzenius* noted bile 
thrombi in 4 cases out of 4. In reporting 6 cases of hydrops univer- 
salis where mention was positively or negatively made as to the oc- 
currence of bile thrombi (1 own ease and 5 literature), the same 
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authors reported their presence in 3 out of the 6. Salmonsen® noted 
bile thrombi in 2 out of 5 of his reported cases of hydrops congenitus. 
Ferguson® noted bile stasis and thrombi in the bile capillaries in 2 out 
of 3 cases of icterus gravis, and none in two cases of hydrops con- 
genitus. Diamond, Blackfan and Baty" report the autopsy protocols 
of 4 eases of icterus neonatorum gravis, of which 1 (Case 9) was 
reported as having many bile capillaries distended with bile. Slight 
edema has been noted in cases of icterus gravis neonatorum.” ** * * In 
Case I here reported, edema of the subeutaneous tissues was noted and 
the serotum was engorged with fluid. The edema may be accounted for 
by such factors as severe anemia, anoxemia, or by an abnormal albumin- 
globulin ratio, which have been used to explain edema associated with 
other anemias."* Since Plaut* reported siblings with icterus gravis and 
hydrops congenitus, other instances of the two diseases in the same 
family have been noted.* ** DeLange® has reported twins, one with 
icterus gravis and one with hydrops congenitus. Common to both 
conditions are, the familial history; finding of each disease in a sib- 
ling; the occurrence of edema in icterus gravis, and of jaundice in 
hydrops congenitus; the similar pathology to the minute microscopic 
details, as hematopoietic foci, hemosiderosis and bile stasis and thrombi 
in the bile capillaries, and the focal liver cell necrosis, and finally, the 
circulating immature red blood cells. The two conditions must: be 
assumed to be of identical etiology; associated with the persistence 
of an embryonal liver and blood formation. The more marked edema in 
hydrops congenitus universalis is probably responsible for the intra- 
uterine death in the majority of these cases. 

C. Anemia of the Newborn.—In 1931, Stransky,’* in reviewing the 
then published cases of this condition, noted the similarity in the 
pathologie findings reported by Frank*® and Schleussing,*® to those 
of icterus gravis and hydrops congenitus. He concluded that there 
were two types of cases, one characterized by an embryonal blood 
picture, and the other designated as an aregenerative type. This anal- 
ogy has since been made by several other authors.*”**** In going 
over the literature I reviewed*? the autopsy reports of Susstrunk* 
and Schleussing.*® The former noted marked hemosiderosis and the 
latter numerous hematopoietic foci in various organs. Since my re- 
port other cases of anemia of the newborn have appeared,’ **°° of 
which the cases of Paschoff** and Happ® terminated fatally. The 
postmortem findings in their cases also showed evidence of a fetal 
type of hematopoiesis. 

A familial tendency for the occurrence of anemia of the newborn 
in siblings has been noted by Diamond, Blackfan and Baty" (Cases 6, 
7, and 8); Segar and Stoeffler** in 3 siblings; Happ*®® and Boner*® in 
2 siblings each. 
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A further relationship has been noted, in which different offspring 
of the same mother have suffered either icterus gravis or anemia. In 
Ecklin’s™ ease of anemia of the newborn, the child of the preceding 
pregnancy had died of icterus gravis, and Case 5 reported by Diamond, 
Blackfan and Baty" revealed that the first-born infant died of intense 
jaundice within 24 hours of birth. 

It has been noted that many of the cases of anemia of the newborn 
have shown icterus. The second infant reported by Segar and Stoef- 
fler*® showed an edema of the scrotum on the fifth day, while in Case 8 
of Diamond, Blackfan and Baty™ edema of the eyelids and extremi- 
ties was noted on the third day. We have then, in cases reported as 
anemia of the newborn, a familial, as well as a sporadic type; besides 
the occurrence of icterus gravis or newborn anemia in offspring of 
the same mother, and finally, the occurrence of edema in cases of 
anemia of the newborn. The anemia which is of varying severity is 
at first of a mild hyperchromie type with nucleated red blood cells 
moderately increased (see Fig. 4.) Later the anemia tends to become 
slightly hypochromic. An infant surviving icterus gravis will gradu- 
ally lose the hyperchromie type of blood picture, the immature eryth- 
roblasts will disappear from the circulating blood, and a slightly 
hypochromie anemia will precede the return of the blood to normal. 
Van Creveld® has been able to demonstrate these changes by measur- 
ing the diameters of the red blood cells in three cases of icterus gravis 
and in one case of newborn anemia. 

I would consider the occurrence of erythrophatocytosis in the 
peripheral blood as an incidental finding,** *' and as pointed out, this 
phenomenon has occurred in other unrelated diseases.” 

D. Association With Sepsis—Since the review by Knapfelmacher™ 
in 1910, sepsis of the newborn has been proposed as the etiologic basis 
for ieterus gravis. Since then I. A. Abt,’* Yllp6,*° Kleinschmidt® and 
others have offered clinical proof and negative bacteriologic findings 
as evidence that icterus gravis is not based on sepsis. G. Meyer™ has 
recently reported two cases of newborn infants with deep jaundice, 
who were shown to have died of generalized sepsis at autopsy. Dun- 
ham’ in a recent report on septicemia in the newborn, reported 12 
infants in her series with severe jaundice, and 3 instances of liver 
damage at autopsy (chronic hepatitis, diffuse fibrosis and central 
necrosis). 

It cannot be denied that sepsis may cause jaundice and liver changes 
in the newborn, and that the clinical and pathologie findings may have 
some similarity with icterus gravis. However, there have been enough 
eases of icterus gravis reported, where not even the minutest evidence 
of infection or sepsis could be found, to warrant the negation of such 
an etiology. Newborn sepsis should be considered in the differential 
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diagnosis and with congenital syphilis should be excluded, before the 
diagnosis of icterus gravis neonatorum is made. 


E. Prophylaxis and Therapy.—Smyth*™ has reported a most interest- 
ing attempt at prophylaxis in icterus gravis neonatorum. An Australian 


mother had previously given birth to nine infants, the first two chil- 
dren were normal and survived, there was one stillborn premature 
birth, and 6 infants had developed icterus gravis neonatorum and died 
from 3 to 11 days after birth. A prophylactic attempt to prevent 
icterus gravis for the infant of the tenth pregnancy consisted of hos- 
pitalization of the mother through the entire course of her pregnancy, 
with extremely careful supervision and regulation of her diet. The 
mother was perfectly normal during her term of pregnancy. Seven 
days before labor was due, a cesarean section was performed, and a 
normal female infant was delivered. The mother’s tubes were re- 
sected and tied. The infant remained normal for twenty-four hours, 
when it became drowsy and progressively icteric and died 70 hours 
after birth. 

This report is most instructive. It demonstrates the remarkable 
familial occurrence of the condition, and the fact that the most care- 
ful supervision of the mother gives no clue to the disease of the fetus. 
The cesarean section precludes all possibility of a vaginal infection of 
the infant, and is strong evidence against the septic origin of the dis- 
ease. Further, the resection and tying of the tubes in a woman who 
has had eight newborn infants die out of 10 pregnancies, would seem 
a wise eugenic procedure. 

Bernheim-Karrer and Grob*® have reported the daily feeding of 100 
grams of liver to a mother during the last 10 weeks of her pregnancy, 
who had previously given birth to two newborn infants dying of 
icterus gravis. A normal infant was born following the liver feeding 
prophylaxis, but no conclusion can be drawn from such an isolated 
instance, as in Smyth’s** case the mother was also fed liver during her 
pregnancy, and the infant born died of icterus gravis. 

The question of blood transfusion as a therapeutic measure in icterus 
gravis is open to analysis. Infants to whom blood had been given 
therapeutically have both survived and succumbed. Kramsztyk® has 
reported recovery of a case after intramuscular injection of 10 e.c. of 
whole blood. Others have given transfusion and intramuscular blood 
to these infants with and without suecess.* 7? 1 *!57 (Cases here re- 
ported.) Spontaneous recovery has also been reported in cases of 
anemia of the newborn, as well as survival after transfusion.* 

Splenectomy has been attempted by Cooley®* in a case of icterus 
gravis. While the removal of the spleen might slow blood destruction 
in this condition, it could hardly be expected to prove of much aid 
in a severe case.’° 
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SUMMARY 


In the course of the discussion the similarity in symptoms, signs and 
pathologie findings, though meager, pointing to the relationship of 
icterus gravis neonatorum with hydrops congenitus universalis and 
anemia of the newborn have been brought out. A theoretic explana- 
tion has been offered to account for the known clinical and pathologic 
findings in icterus gravis neonatorum. In the absence of definite sub- 
stantiating facts, a speculative etiology, embryonal persistence of hema- 
toporesis of erythrocytes has been advanced, which would explain the 
findings in ieterus gravis and the interrelationship of the three condi- 
tions on the same causative basis. Beginning with the persistence of 
an embryonal characteristic in the fetus, the resulting disease may be 
explained on the degree of the process in each individual case. An 
analogy with congenital syphilis, a disease of known etiology, could 
here be drawn. (a) An extensive early spirochetal action may result 
in a macerated fetus or stillbirth. Early embryonal fetal persistence 
of hematopoiesis of erythrocytes may result in hydrops congenitus 
universalis. (b) A newborn congenital syphilitic infant may be less 
severely damaged than the macerated fetus or stillborn, and it may 
show jaundice, and immature circulating erythrocytes (Fig. 5). An 
embryonal persistence of a somewhat later stage than hydrops con- 
genitus may result in icterus gravis neonatorum. (¢) A congenital 
syphilitic infant may show an early severe anemia. A slight degree 
of embryonal persistence may result in anemia of the newborn. 


CONCLUSION 


The three clinical entities deseribed as icterus gravis neonatorum, 
hydrops congenitus universalis and anemia of the newborn show inter- 
related clinical signs and symptoms, most significant of which are fa- 
milial occurrence, jaundice, edema, anemia and circulating immature 
red blood cells (erythroblastosis) . 


The pathologic findings in these three diseases show a certain simi- 
larity, but the facts are too meager to permit drawing definite con- 
clusions, and nothing is known of the essential prenatal pathology of 


the three diseases. 

The classification and origin of these three newborn conditions has 
been vague and uncertain. A theory is offered, embryonal persistence 
of hematopoiesis of red blood cells in various organs, which would ex- 
plain the clinical symptoms and pathology common to these three new- 
born entities. 

The inferences drawn are purely speculative and must await future 
pathologie or experimental proof. The origin of the extramedullary 
hematopoietic foci in the various organs appears to be an embryologic 
persistence rather than a compensatory regeneration of erythrocytic 
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foci. While the term erythroblastosis has been used by previous 
authors, I believe that embryonal hematopoietic persistence would be 
more accurate and better descriptive of the underlying disturbance. 


Two cases of icterus gravis neonatorum associated with circulating 
immature red blood cells in a marked degree are here added to similar 
cases already reported. The first case was of sporadic occurrence, and 
revealed no nuclear involvement in the brain; the second was of the 
familial type and associated with Kern icterus. 

Blood iron determinations, not previously reported for icterus gravis 
neonatorum were found to be high in the second case here presented. 
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THE DISAPPEARING TIME OF DYES INJECTED 
INTRADERMALLY 


SAMUEL AMBERG, M.D. 
ROCHESTER, MINNESOTA 
AND 
RoLaND Nuttine,* M.D. 
DuLuTH, MINNESOTA 


OME of the theories of vital staining have been considered by 
Krebs and Wittgenstein’* *° and von Mdllendorff..* For our pur- 
poses we have to keep in mind that the chemical constitution of a dye, 
as such, does not seem to have much to do with its distribution, that 
acid and basic dyes, on the whole, behave differently, and that the 
size of the particles of a dye in its solution is of importance. Schule- 
mann offered the suggestion that the distribution of various sub- 
stances in the organism, including acid dyes might be dependent on 
their common property of carrying a negative electric charge, and 
their being attracted therefore to anodal regions of the organism. 
That the electric charge of the particles of dye is of the greatest 
importance to their behavior has been accepted by others as, for in- 
stance, Krebs and Wittgenstein,’* *° Wertheimer and Fischer.* The 
electrical factor has been stressed particularly by Keller. He pro- 
posed to discontinue the division of dyes into acid and basie dyes, and 
to distinguish them according to their migration in the electric field, 
as cathodal or anodal dyes. Most of the acid dyes wander to the 
anode in watery solution; the basic dyes to the cathode. But in blood 


serum or in cell plasma the direction of the migration can change, so 
that acid dyes become cathodal and basie dyes anodal. By means of 
dyes it is possible to determine whether a cell or tissue is preponder- 
antly positively or negatively charged. The importance of such a 
distinction is readily seen. For instance, according to Keller, a very 
important factor in the transportation of water in the organism is 


its migration to the cathode. 

Such considerations prompted our experiments to determine whether 
it was possible to differentiate in this sense an easily visible part of 
the body; for example, the superficial layer of the skin. It was 
thought that intradermally injected dyes, depending on their charac- 
ter, might be retained for a shorter or longer period of time (Table 1). 

The dyes were injected into the skin of the forearm of volunteer 
subjects, using 0.2 ¢.c. in a 0.01:100 solution made up in 0.5:100 so- 

*Formerly a Fellow in Pediatrics, The Mayo Foundation, Rochester, Minnesota. 

From the Section on Pediatrics, The Mayo Clinic. 
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dium chloride solution. Occasionally stronger solutions were used. 
Each dye was tested on at least three persons. Keller tested a large 
number of dyes on the smelling rods, and their joints, of Daphnia 
magna, listing those which stained the rods cathodal and those which 
stained the joints anodal. Of the errors he mentions, we encountered 
particularly irritation on injection of some of the dyes (Table I). 

The group of cathodal dyes contains only acid dyes, and the group 
of anodal dyes contains basic dyes with the exception of aurantia 
(Table I). 

The disappearance is often gradual and cannot be determined with 
great accuracy. The limits of time can be regarded only as approxi- 
mate; nevertheless, they were sufficiently distinct for our purpose. 
With Congo red, for instance, this difficulty depended to a certain 
extent on the color of the skin of the subject. Proper color filters 
could be employed with advantage. With brilliant kresyl blue some 
color remained for weeks in the needle stab, and in a few experiments 
with isamine blue, for days. 

The first consideration must be given the degree of dispersion of 
the dyes, since a coarsely divided dye is more likely to remain at the 
place of injection. The relative size of the particles has been deter- 
mined by various methods, such as ultrafiltration,® elevation in strips 
of filter paper, penetration into gelatin,® * and their rate of diffu- 
sion.* The degree of dispersion depends also on various factors such 
as temperature, concentration, reaction, and presence of salts or of 


eolloids. 
TABLE I 


Time or RETENTION OF VARIOUS DYES IN THE SUPERFICIAL LAYER OF THE SKIN 





TIME OF 





TIME OF ; 
J DAL DYES ANODAL DYES 
carne ” RETENTION . RETENTION 
Fluorescein 2 to 4 hr. Malachite green” 1 to 2 hr. 
Eosin 12 hr. Neutral red 12 hr. 
Erythrosin 48 hr. Aurantia Less than 24 hr 


Rose bengal 
Rubin § 


36 to 60 hr. 


Less than 24 hr. 


Aniline green 
Methylene blue* 


More than 6 hr 
36 to 72 hr. 








Litmus Less than 24 hr. | Neutral acriflavine 3 to 5 days 
Azolitmin Less than 24 hr. | Fuchsin basic 5 days 

Congo red 48 to 96 hr. | Dahlia 6 days 

Trypan red 48 to 96 hr. | Safranine | 2 weeks 

Fuchsin acid 5 days | Brilliant kresyl blue| Weeks 

Alkali green 2 months 

Water blue 2 months 

Alkali blue More than 1 yr. 

*The methylene blue kept its blue color for this length of time; whether any 


leukobase was formed cannot be said. 


At present it seems hardly possible to determine the size of the par- 
ticles very accurately under various conditions, and so it is easily 
understood that authors differ in the arrangement of the dyes in the 
order of the size of the particles. 
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Fluorescein is generally said to be finely divided, whereas alkali 
blue is one of the coarsely divided dyes. Fluorescein disappeared 
rather rapidly, whereas alkali blue remained for a very long time. 
But Congo red, rather coarsely divided, disappeared sooner than the 
more finely divided fuchsin, whereas neutra! acriflavine and basic 
fuchsin disappeared more slowly than the more coarsely divided neu- 
tral red. Such observations indicate that the degree of dispersion is 
not likely to be always the determining factor of the disappearing 
time. 

Some dyes, like rubin 8, gave a weak color in the dilution used. 
Bismarek brown and neutral violet gave color that was too weak 
for reading. In some instances, higher concentrations were used; 
fluorescein, in a concentration of 1:1000 disappeared in seven hours, 
and aurantia, in a dilution of 1:5000, disappeared in less than twenty- 
four hours. Neutral violet, in a concentration of 1:1000 caused irri- 
tation, as did a number of other dyes. Occasionally, Congo red 
proved a little irritating in a dilution of 1:10,000. With this dye 
rather numerous tests were made. Injections of alkali green were 
followed by some edema. Litmus and azolithmin were irritating, 
although a purified litmus was used. In stronger concentrations, 
both were very irritating, producing local edema and reddening. 
Elman, Drury and McMaster prepared erythrolein and erythrolitmin 
from litmus. We used erythrolein in a dilution of 1:2000, but it 
could hardly be seen and it produced no irritation. Erythrolitmin in 
dilution of 1:10,000 disappeared in thirty to sixty hours. In this 
dilution it was not irritating. Stronger solutions, 1:5000 and 1:1000, 
were painful and irritating. The disappearing time was prolonged; 
indeed, the injection of 1:1000 could still be seen after months. 

Litmus, azolithmin and erythrolitmin turned blue on injection and 
remained so. But this can hardly indicate the actual reaction of the 
superficial skin, since Elman, Drury and MeMaster showed that 
erythrolitmin has a great salt and protein error. 

Safranine, not irritating on injection, produced in all instances 
slight superficial necrosis with sealing. Neutral acriflavine behaved 
similarly. In concentrations of 1:1000 it produced infiltration. 

Fiihner remarked that many dyes are irritating and can produce 
inflammation. Of our dyes, aniline green produced by far the most 
intense reactions, being also very painful on injection. In a few ex- 
periments with rabbits the effects of its instillation into the conjunc- 
tival sac, and of its intracutaneous injection, was compared with 
malachite green and iodgreen, also basic dyes. In a dilution of 
1:10,000 these latter dyes did not produce inflammatory reactions, 
while aniline green did. In stronger concentrations, aniline green 
produced hemorrhagic inflammation in joints and the pleural cavity. 
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It may be mentioned that iodgreen, injected into one subject, disap- 
peared within twelve hours. 

Comparing the disappearing time of fluorescein, rose bengal, eosin, 
erythrosin, and fuchsin §, all eathodal dyes, with that of neutral red, 
basic fuchsin, methylene blue and perhaps acriflavine and safranine, 
all anodal dyes, it appeared hardly possible to distinguish the super- 
ficial layers of the skin in the sense which Keller meant. The more 
coarsely divided dyes were left out of consideration. Neither acid 
nor basie fuchsin was discolored. The colorless carbinol of fuchsin 
was not restored to color. According to Karezag, this would indicate 
indifference with regard to electric charge. 

Furthermore, in his more recent work, Bennhold stated that the 
migration of acid and basie dyes in serum goes in the same direction 
in the electric field. Under these conditions it is rather questionable 
whether the direction of migration in the electric field is concerned 
preponderantly with the disappearance time of dyes on intradermal 
injection of normal persons. It is still possible that among the vari- 
ous factors which determine the disappearing time of dyes, electric 


influences play a part. 

Hudack and McMaster stated that intradermal injections are pre- 
dominantly intralymphatie. Lymphatic capillaries in regions injured 
in various ways are far more permeable than usual. Serum added to 


the vehicle retards the penetration of dye from the lymphatic struc- 
tures to the interstitial spaces. We added Congo red and methylene 
blue to serum of man so that the concentration of the dye was ap- 
proximately 0.01:100. This was done by adding 0.1 ¢.c. of 1:500 
solution of dye to 2 ¢.c. of serum. Under these circumstances the dye 
spread more easily and disappeared more quickly. For instance, in 
forty-eight hours, Congo red mixed with serum had entirely disap- 
peared when injected into three subjects, whereas when mixed with 
physiologic serum it was still visible in seventy-two to ninety-six 
hours. Methylene blue mixed with serum disappeared in twenty-four 
hours, while mixed with salt solution it could be seen from thirty-six 
to seventy-two hours. These results are in accord with other experi- 
ments. After intravenous injections of Congo red, the dye appears 
in the wheal produced by mechanical irritation of the skin or by 
intradermal injection of histamine or codeine,* ‘* and it disappeared 
more rapidly than we expected from the intensity of the color. 

It is by no means certain that spreading in the lymphatic structures 
is the only factor concerned here. Bennhold has shown that different 
dyes dissolved in serum penetrate into gelatin to an equal distance 
in a given time, even if in watery solution they show great variations 
dependent largely on the size of the particles. 

This difference may explain, at least partially, the slow disappear- 
ance time of Congo red in eases of edema in which the edema fluid 
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is poor in protein. In some children with nephrotic edema the color 
was distinetly visible after one to two weeks. The dye did not spread 
as much as usual. Congo red in serum seemed to disappear more rap- 
idly, also, in cases of edema. In a case of lymphedema of the right leg 
the dye disappeared in three days from both legs. So far, the number 
of our observations with dyes in various diseases is too small to permit 


consideration. 

Such tests may become useful, since it has been shown by Hoéber and 
Banus, Mond, Wertheimer, Keller, and others, that change of condi- 
tions may change the permeation of dyes in cells and membranes. 


CONCLUSIONS 


The disappearance time of dyes injected into the superficial layers 
of the skin of normal persons does not seem dependent on their di- 
rection of migration in the electric field. Neither can a definite dis- 
tinction be made between acid and basic dyes. Within certain limits 
the degree of dispersion does not seem the deciding factor. 

Congo red and methylene blue dissolved in serum disappears more 
rapidly than when dissolved in salt solution. 
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BODY BUILD IN INFANTS WITH ACUTE INTESTINAL 
INTOXICATION 


Harry Bakwin, M.D., anp RutH Morris Bakwin, M.D., 
New YorK 


Y BODY build is meant the external form of the body as deter- 

mined by the skeletal parts. No attempt will be made here to 
critically evaluate previous studies on this subject. It will suffice to 
state (1) that hitherto studies have been largely qualitative and have 
depended for the most part on subjective interpretations, and (2) that 
modern statistical methods for expressing and evaluating data have 
not been generally applied. Attempts have been made to describe 
body build in terms of indices, i.e., the proportion of one dimension to 

cephalic breadth x 100 , 

ea length » the facial 


\. ete., but the indices hitherto used have 





another, as the cephalic index { 


oe ont breadth x 100 
facial height 

not yielded results of statistical reliability. The use of indices in 

children is complicated by the factor of growth which results in a 

continuous change in the relation of one dimension to another. 

In the present study the simple expedient of relating the various 
dimensions to total body length has been adopted. The value of this 
device will be apparent when the data are presented below. 

A difficulty in the study of body build is the choice of dimensions 
to be measured. Since qualitative studies of body build lay emphasis 
on ‘‘laterality”’ versus ‘‘linearity’’ in deseribing body configuration’ 
dimensions were chosen which measure this quality; i.e., the bimalar 
and bigonial diameters of the face, the biacromial and bicristal diam- 
eters of the trunk and the circumference of the chest at the nipples. 
These measurements are taken from bony points and hence errors due 
to nutritional status are minimal. A large number of other dimen- 
sions have also been measured but these have not yet been evaluated. 





The technic for making the measurements has been described in full elsewhere.2 
The dimensions used in this paper were measured as follows: 

1. Diameter of face (bimalar). The horizontal distance between the two malar 
prominences. 

2. Bigonial diameter of face. The horizontal distance between the most dis- 
tant points of the angles of the jaw, perpendicular to the midsagittal plane. 

3. Biacromial diameter. Straight distance between the most lateral points of 
the acromial eminences, taken from behind with the child seated, the arms close 
to the thorax. 
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4. Bicristal diameter. Straight distance between the most lateral points of the 
iliac crests, perpendicular to the midsagittal plane. 

5. Cireumference of the chest at nipples. Taken halfway between inspiration 
and expiration. The respiratory excursion of the chest of a quiet infant is small. 

Measurements of the external dimensions of healthy infants were 
made in order to establish norms with which to compare sick infants. 
The group of well infants comprises abandoned infants, infants left 
in the hospital because of unsuitable home conditions, and infants ad- 
mitted to the hospital with mild upper respiratory infections. There 
were 397 males and 347 females. The patients with acute intestinal 
intoxication, as well as the healthy infants, were from a poverty- 
stricken group, and were measured shortly after admission to Bellevue 
Hospital. 

In an earlier study* the various measurements for all well infants 
under 1 year were recorded in relation to total body length and aver- 
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Chart 1.—The relation between total body length and the bimalar diameter of the 


face during the first year of life. Dots represent individual measurements on females, 
the circles on males. The continuous line is the curve of central tendency. 


ages and standard deviations calculated by various subdivisions of 
body length as illustrated in Chart 1 for the bimalar diameter of the 
face. A curve of growth for the body dimension in question, in rela- 
tion to total body length, was then constructed by connecting the 
points representing the average values. Dimensions of the infants 
with acute intestinal intoxication were compared with these curves 
and the reliability of the differences tested statistically. These dif- 
ferences were found to be significant. 

Since growth during the first year of life is rapid, the reliability of 
grouping together all infants in this age period may be questioned. 
Growth curves for the various lateral dimensions have been con- 
structed, therefore, for smaller subdivisions of age under 1 year and 
it is with these groups that the sick infants are here compared. 

Description of Clinical Material_—Acute intestinal intoxication is 
here used to designate a type of reaction in infants characterized by 
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somnolence alternating with periods of hyperirritability, by acidotic 
hyperpnea and by evidence of dehydration. There is usually cyanosis 
and oliguria or anuria. Fever and an associated infection are fre- 
quently present and anorexia, vomiting and diarrhea are usual, Con- 
vulsions are occasionally observed. There are no characteristic gross 
anatomical changes, except, perhaps, in the liver. 

The cases were collected over a period of 3 years, for the most part 
during the winter months. The distribution of cases by season of the 
year is shown in Table I. 











TABLE I 
ss NUMBER OF PERCENTAGE OF 
CASES DEATHS 
January-February 30 70 
March-April 41 73 
May-June 56 61 
July-August 19 47 
September-October 40 60 
November-December 34 53 





All Months 220 62 

There were 119 males and 101 females all of whom were under 1 
year of age. Sixty-two per cent of the infants died. Only children 
of Caucasian parents are included in this study since the body build 
of colored infants is known to be different. Sixty-two patients (28 
per cent) were measured before the onset of acute intestinal intoxication. 

Most of the infants showed evidence of upper respiratory infection. 
In addition the following associated conditions, shown in Table II, 
were present. 


TABLE II 


NUMBER OF| 


ASSOCIATED CONDITION 








oo tr 
ASSOCIATED CONDITION es & 


CASES CASES 
Mastoiditis 1 Seurvy ee 
Pneumonia 22 Tetany 1 
Eezema 5 Peritonitis 1 
Erysipelas 1 Pylorospasm 2 
Pyuria 4 Prematurity 3 
Emypema 1 Total 42 


In Chart 2 the height of infants with acute intestinal intoxication 
(dotted line) is compared with the height of the healthy infants (con- 
tinuous line) from the same social environment. The averages for the 
sick infants are regularly below those for the healthy. 

In Charts 3, 4, 5 and 6 the lateral dimensions of infants with acute 
intestinal intoxication, represented by dots, are compared with the 
healthy, in relation to body length, for various subdivisions of age 


under one year. Continuous lines represent the average values for 
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healthy infants. The dotted lines represent one standard deviation on 
each side of the average and include 68 per cent of the healthy infants. 
Data are shown only for the first 24 weeks of life. The number of 
cases after this age period was too small to be of significance. 

Dimensions of the infants with acute intestinal intoxication tend 
to fall below the average lines for the healthy indicating that infants 
with acute intestinal intoxication are relatively smaller in their lateral 
dimensions than are the healthy infants. No difference was found for 
the bicristal diameter of the trunk in the present enlarged series or in 
the series previously reported. 

Infants measured while well, who subsequently developed acute 
intestinal intoxication, showed the same body configuration as the in- 
fants measured when ill and are included with the sick infants. The 
infants with acute intestinal intoxication who died showed no differ- 
ences from those who survived. 
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Chart 2.—Comparison of the total body length of healthy infants (continuous line) 
and infants with acute intestinal intoxication (dotted line) 

The relative narrowness of infants with acute intestinal intoxication 
is not characteristic of all sick infants. As has been previously shown‘ 
in infants with tetany and in infants with eezema the lateral dimen- 
sions are relatively larger than in the healthy infant. 

A rational basis for the difference in the body build of infants with 
acute intestinal intoxication may be deduced from a comparison of 
the growth of two groups of healthy infants from different social 
environments. In addition to the healthy group already deseribed, a 
series was studied in a ‘‘well baby”’ clinie at the Fifth Avenue Hos- 
pital. The infants were derived from families of moderate income 
and were observed from birth through the first year. The racial 
make-up of the two healthy groups was similar and has been shown 
to be without influence on the dimensions measured.* 

It was found that the infants in the well baby clinic group were 
superior both in weight and height to the healthy infants in the pov- 
erty group. It was also found that, for various subdivisions of age, 
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the poverty group infants were smaller in their lateral dimensions 
than were those from the well baby clinic. 

From these results it may be stated that, when in a group of in- 
fants, a delay in growth occurs, the delay is more marked for the 
lateral dimensions than for the cephalocaudal. There results, on the 
one hand, a change in body build, the delayed group becoming rela- 
tively smaller in their lateral dimensions, and, on the other hand, a 
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Chart 3.—The relative width of the face (bimalar diameter) in infants with acute 
intestinal intoxication. Continuous lines connect the average values for healthy in- 
fants. Dotted lines represent one standard deviation on either side of the average. 
Dots represent infants with acute intestinal intoxication. 
susceptibility to the development of acute intestinal intoxication. It 
has long been known to pediatrists that when a retardation of growth 
oceurs in infants, all parts of the organism are not equally involved, 
the delay in growth of weight being more striking than the delay in 
growth of height. The infants with acute intestinal intoxication were 
compared with the Bellevue Hospital group, itself a delayed group. 
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Had the comparison been made with the ‘‘ well baby clinic’’ group the 
differences would have been much more marked. 


About 18 months ago a well baby clinie was established in the pov- 


erty district. Only infants born in Bellevue Hospital were treated. 


The incomes of the families were similar to those of children in the 
hospital group. The results of this study will shortly be published in 
detail. It may be here stated that the values for the well baby clinic 
at Bellevue Hospital were identical with those obtained in the well 
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Chart 4.—The relative diameter at the angle of the jaws (bigonial diameter) in in- 
fants with acute intestinal intoxication. 


baby clinic at the Fifth Avenue Hospital, the Bellevue district group 
growing as well in height and weight, and having the same body pro- 
portions as the Fifth Avenue Hospital group. 

The relation of deficient diet to the etiology of acute intestinal intoxi- 
cation. Acute intestinal intoxication tends to occur in infants who are 
shorter and relatively smaller in their lateral dimensions than are 
healthy infants. That this type of body build results, in part, from 
environmental influences is borne out by the two groups of studies 
mentioned above; i.e., (1) the differences in body build of two groups 
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of healthy infants of similar racial make-up but from different social 
environments, and (2) the change in body build in a group of healthy 
infants from a poverty-stricken environment following the institution 
of a health clinic. It seems reasonable to assume that the prominent 
environmental factor introduced by the health eclinie was diet. 
Whether acute intestinal intoxication results from inadequacy in the 
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Chart 5.—The relative width of the shoulders (biacromial diameter) in infants with 
acute intestinal intoxication. 





amount of energy-producing substances in the diet or from a deficiency 
in a specific food factor cannot be stated. 

Infants with the growth changes herein described, when exposed to 
infection (as occurs frequently during the winter months) or to high 
external temperatures (during the summer months), react with the 
disease syndrome known as acute intestinal intoxication. In this re- 
spect there is a close analogy to tetany which is so frequently latent 
until made manifest by an infection. 
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The mechanism by which a dietary inadequacy leads to acute in- 
testinal intoxication is as obscure as the mechanism by which any of 


the known vitamin deficiencies lead to disease. 
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Chart 6.—The relative circumference of the chest in infants with acute intestinal 
intoxication. 


SUMMARY 


1. Infants with acute intestinal intoxication are, on the average, 
shorter than healthy infants from the same social environment. 

2. In relation to total body length, infants with acute intestinal in- 
toxication have narrower faces, narrower shoulders and smaller chests 
than healthy infants. 


3. The proportion of the dimensions mentioned above to total body 
length in infants with acute intestinal intoxication is determined, in 


part, by a retardation of growth. 
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4. Since deficient diet leads to retardation of growth, it is reason- 


able to look upon acute intestinal intoxication as causally related to 
dietary deficiency. 
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HE clinical syndrome which is now ealled acrodynia, although 
first described in 1903,’ escaped attention until recent years, when 
it was recognized independently in widely separated geographical lo- 
cations, and designated by a number of descriptive titles. Among the 
names which have been used to designate this bizarre condition, some 
at least should be mentioned : 









Trophodermatoneurosis (Selter) 1903 
Erythroedema (Swift) 1914 

Swift’s disease 

Pink disease (Clubb) 

Acrodynia (Weston) 1920 
Polyneuritic syndrome resembling pellagra (Byfield) 1920 
Vegetative neurosis (Feer) 1923 

Feer’s disease (Erickson) 

Dermatopolyneuritis (Thursfield) 











The first series of cases to receive prominence was that reported by 
Swift in 1914.2, Not until 1920 were descriptions of the disorder pub- 
lished in the United States. Following the reports by Bilderback,* 
Weston‘ and Byfield,’ references to this apparently new disease ap- 
peared in the literature in rapid succession.* 

In Europe the first descriptions appeared in the literature in 1921.° 
Among the many contributions to this subject in the years of recog- 
nition and definition, the careful observations and added information 
concerning the disease contained in the studies of Feer in 1922* and 
subsequently, mark these papers as of outstanding importance. How- 
ever, the conception of this author of the pathogenesis did not im- 
mediately receive widespread acceptance. 

As in any recently described disease, the typical severe example has 
become readily recognized, but only in the light of accumulated ob- 
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*References to acrodynia in the literature exceed 150 available articles of which 
40 or more were published in this country. It is manifestly impossible in a short 
note to review the literature in any detail and to give adequate credit to authors for 
priority as regards descriptions of features of the clinical picture of the disease. 
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servation and experience are the variations in the clinical picture, and 
particularly the mild and borderline cases, clearly defined. It is the 
purpose in this paper to consider briefly certain features of acrodynia 
as observed in a series of forty-four cases seen in this clinic within the 
past nine years, and to correlate so far as permissible the clinical mani- 
festations of the disease with the pathologie physiology. 

Acrodynia is a disorder, encountered in infants and young children, 
of gradual onset, and prolonged course, with a characteristic train of 
symptoms which, however, may vary considerably in intensity. Unless 
terminated by an intercurrent infection, the outcome is usually favor- 
able. Frequently the mother cannot state accurately the time of onset 
of the disease although in many instances an upper respiratory infee- 
tion either initiates the symptoms or quickly becomes an associated 


TABLE [ 


FIRST SYMPTOMS OBSERVED BY INFORMANT 


SYMPTOMS bi, "NUMBER OF PATIEN 





Fatigue, irritability, anorexia 17 
Lacrimation and photophobia 5 
Painful and itching extremities 

Rash (erythema on face and body) 

Deep muscle pain 
Pain in abdomen 
Vomiting 
Furunculosis 
Enuresis 
Convulsions 

Loss of weight 








Preceded by acute respiratory infection 
No acute infection noted preceding onset 


process. The infant or young child gradually becomes irritable, fret- 
ful and sleepless, and refuses food. Cessation of growth and then 
progressive loss of weight ensue. Profuse sweating, lacrimation and 
photophobia with excessive secretions from the nose and throat de- 
velop. The cheeks are bluish red in color, with the tip of the nose, in 
many eases, very red. The expression of the suffering patient is 
worried and unhappy. Ulecerations of the mucous membrane of the 
mouth are of frequent occurrence. Sooner or later hyperemia alter- 
nating with ischemia appears on the hands and feet. The palms and 
soles develop a dull, beefy red, frost-bitten appearance, and although 
infants show evidence of marked discomfort and older children com- 
plain of intense burning and itching in these locations, the extremities 
usually feel cold and clammy. Maceration of the skin of the palms 
and soles occurs, followed by desquamation and frequently secondary 
infection. Rashes of papular type which itch intensely may appear 
over the whole body. There is, however, a wide variation in the in- 
tensity or severity of the cutaneous lesions and it seems quite pos- 
sible that a patient may suffer from acrodynia and present minimal 
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skin lesions. Falling out of the hair, loosening of the teeth, loss of 
finger and toe nails are frequently observed. 

The patient tends to assume abnormal positions in bed, frequently 
placing himself in the knee-chest position with his head burrowed in 
the pillows. This position has been attributed to the photophobia, but, 
as older children with the disease often complain of abdominal cramps, 
we are inclined to believe that even infants may assume this position 
in an attempt to relieve abdominal discomfort. 

Physical examination reveals fundamental circulatory disturbances 
early in the disease, often before the appearance on the hands and feet 
of the typical vascular changes. Signs of the cireulatory involvement 
are tachycardia and an elevation of the blood pressure. The pulse rate 
varies usually between 140 and 200 per minute and is little influenced 
by ery, effort or sleep. The rhythm is regular. The appearance of 
tachycardia in the early course of the disease is well illustrated by 
the following case: A little girl of five and a half years, who was 
brought to her physician because of anorexia, was found to have a 
persistent tachycardia without other physical signs of disease. Subse- 
quently, after a period of several weeks, the typical manifestations of 
acrodynia developed. Hypertension is present to some degree in all 
cases and is said by Feer to be the most constant sign of the disease. 
In another of our patients, a boy of seven years, abdominal pain, hy- 
pertension and tachycardia preceded by several weeks the appearance 
of cutaneous manifestations. Electrocardiographie tracings show no 
abnormality other than tachycardia. 

In addition to the features mentioned above, symptoms referable to 
the central nervous system with profound mental disturbances fre- 
quently appear early and persist throughout the course of the disease. 
Lassitude, apathy, irritability and disturbances of the sleep rhythm 
together with diminished activity and muscular hypotonia are almost 
constant findings. Muscle pains are complained of and weakness or 
paralysis of the extremities occur occasionally. In one of our patients 
presenting a typical picture of acrodynia, paralysis of the extremities 
developed with loss of deep reflexes and persisted for three weeks 
with thereafter a gradual return to normal function; throughout this 
period sensation in the extremities remained intact. It is not unusual 
for the patients to develop tremors of the extremities and even coma 
and convulsions. We have observed four patients with convulsive 
episodes. 


As mentioned previously, evidences of an increased secretory activ- 


ity become manifest. There is excessive lacrimation and rhinorrhea, 
sialorrhea and sudoresis. Dehydration evidently is due, in addition 
to the diminished fluid intake, to water loss through the skin resulting 
from the glandular activity. 
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Anorexia, vomiting, and constipation are among the evidences of 
gastrointestinal disturbance commonly observed in acrodynia. Analy- 
sis of the gastric contents in two of our patients showed achlorhydria ; 
there was, however, a normal response of gastric secretion to histamine. 

Our analysis did not show with any constancy the elevation of the 
basal metabolic rate which has been described in the disease. Al- 
though the basal metabolic rate was found in one ease to be as high as 
60 per cent above normal, in other patients dependable determinations 
of the metabolism showed a normal or even reduced oxygen consump- 
tion. The difficulty in establishing basal conditions for the determina- 
tion of the metabolic rate is obvious in children who are fretful, ir- 
ritable and suffering from constant pain. 

The percentage of sugar in the blood was frequently abnormally 
high and glucose tolerance tests showed, in five of six cases, curves 
simulating in some respects those found in patients with diabetes. 

The urine of patients in the more severe stages of acrodynia has 
been usually quite concentrated, probably due to the partial dehydra- 
tion of the patients. Albumin was found in the urine on one or more 
occasions in ten of our cases. Glycosuria was even more frequent, 


oceurring in fourteen patients. 
Erythrocytosis and leucocytosis were present in the peripheral blood, 
due probably to the partial dehydration mentioned above. An elevation 


of the serum protein was found to be present in some cases and ab- 
sent in others. In one instance the serum protein was reduced to 4.5 
gm. per cent, although the child had a polycythemia and other evi- 
dences of mild dehydration. The failure of the serum protein to be 
elevated in this and similar cases was thought to be due to the pro- 
longed partial starvation of the patient with considerable destruction 
of tissue proteins and ultimate reduction in the serum protein. 

The inorganic elements of the blood of patients suffering from 
acrodynia have been depicted as within normal limits, with the excep- 
tion of the blood ealeium which has been reported to be elevated.* 
Remarkable elevation of the blood calcium was not found in our ex- 
perience, nor were there reductions below the usual normal figure. 

The etiology and pathogenesis of acrodynia remain obscure despite 
efforts on the part of numerous investigators to cast some light on the 
subject. Two possible underlying causes of the disease have been sug- 
gested, infection and dietary deficiency. Unequivocal supportive evi- 
dence for one or the other of these causes was not found in our analy- 
sis nor from observations secured by various therapeutic tests. In this 
connection, however, it is of interest to note the seasonal incidence 
according to the time of hospitalization of the patients in this series 
of cases (Fig. 1). When the presenting symptoms, the physical signs 
and the laboratory data are considered carefully, it is apparent that 
there is present a widespread and fundamental derangement involving 
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many organs and tissues of the body. Therefore, it does not seem un- 
reasonable, whatever the precipitating cause, to relate certain of the 
outstanding features of the disease to disturbance of the central nerv- 
ous system together with a dysfunction of the autonomic nervous sys- 
tem, the latter suggested first by Feer. 

Mentioned briefly, the signs which in our opinion are indicative of 
dysfunction of the autonomic nervous system are: dilatation of the 
pupil and photophobia; rhinorrhea, sialorrhea and sudoresis; vaso- 
motor disturbances of peripheral vessels of the hands and feet ; tachy- 
cardia and hypertension; alopecia neurotica; spasmodic abdominal 
pain; hyperglycemia and increased basal metabolic rate. 

Inasmuch as contraction of the spleen is brought about through the 
activity of the sympathetic nervous system, splenic enlargement 
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should be encountered but rarely in a disease characterized by exces- 
sive activity of this system. It is interesting to note that in only one 
of our forty-four cases was the spleen enlarged. In this patient the 
spleen was readily palpable in the early stages of the disease but 
within a few weeks it became reduced in size so that it could no longer 
be felt. 

In Table II are listed the outstanding symptoms and signs of acro- 
dynia, compiled from the literature and confirmed by the analysis 
of our series of cases. The features of the disease are shown in rela- 
tion to the known action of various portions of the nervous system. 
Many of the symptoms and signs suggest definitely a cerebral involve- 
ment and others point to a spinal cord or peripheral nerve injury. 
Numerically, however, the manifestations are predominatingly those 
of a disorder of the autonomic system. 
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TABLE II 


PATHOGENESIS OF THE SYMPTOMS AND SIGNS OF ACRODYNIA 








I. Symptoms of cerebral or spinal involvement 


Apathy 
Muscular weakness and paralysis 
Deep muscle pains 
II. Symptoms probably cerebral or spinal but possibly due to 
autonomic involvement 
Hypomotility and hypotonia 
Hyperesthesia 
Coma and convulsions 
III. Autonomic involvement 
Sympathetic disturbances (overactivity) 
Vasomotor disturbance (hands and feet, less marked 
on trunk) 
Dilatation of the pupil and photophobia 
Tachyeardia 
Sweating 
Falling of the hair 
Hypertension 
Elevated blood sugar—glycosuria 
Autonomic disturbance, not definitely assignable to sympa- 
thetic involvement and possibly due to parasympa- 
thetic involvement 
Salivation 
Rhinorrhea 
Vomiting 
Abdominal pain 
Hypomotility alternating with colicky hypermotility 
of G. I. tract 
Constipation 
Difficult micturition 
IV. Secondary involvement 
Maceration of skin due to profuse sweating 
Secondary infection 
Dehydration due to excessive water loss 
Elevated red cell count 
Elevated serum protein 
Concentrated urine 
Constipation 
Loss of weight 
Negative nitrogen balance 


In Fig. 2 is shown a chart of the relationship of the autonomic nerv- 
ous system to the innervation of the organs and tissues of the body. 
Apparently not only the thoracoabdominal autonomic, the sympathetic 
system, is involved in acrodynia, but there is also a disturbance of the 
craniosacral, or parasympathetic system. Inasmuch as the sympa- 
thetic and parasympathetic nervous systems have opposing actions in 
those organs where fibers from both enter into the nerve supply, it is 
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Fig. 2.—Diagram of the general arrangement of the autonomic nervous system. 


The brain and spinal cord are represented at the left. The nerves of the somatic 
system are not shown. The preganglionic fibers are in broken lines, the post-ganglionic 
fibers are in solid lines. The cranial and sacral autonomic systems have limited, 
sharply directed, nervous discharges to specific organs, while the sympathetic has a 
diffuse, widespread discharge of impulses by reason of the extensive bridging or con- 
necting fibres overlapping one another and reaching some distance up and down the 
chain of ganglia. 

The outstanding functions of the autonomic nervous system may be listed as 
follows: 

Cranial Autonomic: 

1. depresses and slows the heart. 4. secretory to glands of stomach. 

2. constricts bronchi. 5. secretory to parotid gland. 

3. motor to intestine—relaxation of sphincters. 6. constriction of pupil. 

Sacral: 

1. contraction of muscles of bladder. 

2. erection of penis by relaxing walls. 

3. motor to large intestine. 

Sympathetic : 

1. dilatation of pupil. 5. dilatation of bronchi. 

2. secretory to sweat glands. 3. inhibition of bladder contraction. 

3. vaso-constrictors with few dilator . contraction of bladder sphincter. 

fibers to blood vessels. . contraction of spleen. 

4. acceleration and increased contraction 9. increased conversion of glycogen into 

of heart. glucose in liver. 
(Figure reproduced through the courtesy of Dr. W. B. Cannon, from his book 
The Wisdom of the Body, W. W. Norton and Company, Inc., publishers.) 
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manifestly impossible in considering many of the features of acro- 
dynia to determine whether the imbalance of control with the result- 
ing overactivity of an organ is the result of increased stimulus from 
the one system or diminished and suppressed activity of the opposing 


system. 

Finally, certain features of the disease may be considered to be due 
to alterations in body function entirely secondary to one or another of 
the underlying disturbances. The manifestations which may be con- 
sidered secondary have been so listed in Table II. 

From a study of Table II it becomes apparent that the outstanding 
features of acrodynia may be attributed to overactivity or unopposed 
activity of the sympathetic nervous system. Dehydration, partial star- 
vation and secondary infections account for many more of the symp- 
toms observed in the condition. But there still remain a number of 
manifestations which point definitely to a central nervous system in- 
volvement. 

The number of organs and tissues involved in acrodynia with clini- 
cal manifestations referable to a central nervous system disorder to- 
gether with an extensive involvement of the autonomic nervous sys- 
tem would suggest, if this conception is true, that pathologically there 
should be found in acrodynia a widespread peripheral lesion involving 
the sympathetic chains or a central lesion involving particularly the 
region of the centers of autonomic control, which are presumed to be 
located in the diencephalon. The central lesion would more satisfac- 
torily explain the complete picture. 

Clinieal pathologie data supporting the conception of a central nerv- 
ous system involvement are found in examination of the spinal fluid. 
Early in the course of the disease the spinal fluid has been reported to 
show an increase in globulin and a pleocytosis.® Spinal fluid examina- 
tions were made on one or more occasions in seventeen of our patients. 
None of these examinations were made at the onset of the disease in- 
asmuch as hospitalization of the patients was not carried out until the 
process had become quite advanced. Our analysis showed the spinal 
fluid to be under normal pressure and to be clear and colorless. The 
cell counts were within normal limits. The globulin was increased as 
determined by the Pandy test in six of the seventeen cases, and quan- 
titative determination of the total protein yielded values as high as 
250 mg. per 100 ¢.c. of spinal fluid. The sugar was normal in nine 
cases and appeared to be abnormally high in the remaining eight cases. 
These findings in the spinal fluid would not indicate the presence in 
the brain of hemorrhage or gross inflammation. The increase in the 
total protein, however, might well indicate a mild inflammatory or a 
degenerative process. 

With these possibilities in mind, pathologie changes in acrodynia 
should be sought in the central nervous system, and in the sympa- 
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thetic chains. Such searches have not been entirely unrewarded. De- 
generative changes in the myelin sheaths of the peripheral nerves have 
been found by several investigators. However, degenerative changes 
per se do not indicate the position of fundamental pathologic changes 
but only that they may be higher up. In fact, degenerative peripheral 
changes are found in a variety of diseases with central nervous system 
lesions, among them poliomyelitis and various forms of encephalitis. 

Pathologic material secured from patients with acrodynia is not ex- 
tensive, but various studies, apparently thoroughly made, have shown 
that in acrodynia, in addition to the degenerative peripheral demyelini- 
zation, cellular infiltration is present in the spinal cord and in the 
nerve roots. Byfield early reported degenerative changes in the an- 
terior horns of the spinal cord, edema of the sensory roots and begin- 
ning degeneration of the nerves. Paterson and Greenfield’® refer to 
cellular infiltration in the spinal cord, with demyelinization of the 
peripheral nerves. Kernohan and Kennedy" have described extensive 
demyelinization as well as degeneration in the spinal cord extending 
as high as the base of the brain. 

Warthin” found in two eases of acrodynia the essential pathologi- 
sal changes to be extreme edema and slight meningeal irritation of 
the central nervous system, chronic erythema of the skin with hyper- 
keratosis, hypertrophy of the epidermis and sweat glands with slight 


pigmentation of the rete, with associated or terminal respiratory in- 


fections and gastrointestinal ‘‘eatarrh and inanition.”’ 

Wyllie and Stern™* confirmed the finding of diffuse infiltration of 
the spinal cord described first by Paterson and Greenfield, but were 
unable to determine the type of infiltrating cells. Chromotolysis of 
the central type was found in the anterior horn and myelin degenera- 
tion was observed in the peripheral nerves. 

Orton and Bender™ found chronic lesions in the lateral horns in 
the thoracic and lumbar regions, loss of nerve cells, with glial replace- 
ment. The cells which were lost were the ones which are said to con- 
nect the spinal cord with the sympathetic nervous system. 

Careful serial sections of the brain stem thus far have yielded slight 
additional information. De Lange’ made serial sections of the di- 
and mesencephalon and found in the regio tuberoinfundibularis both 
diffuse glial proliferation and small glial nodules. There was no neu- 
ronephagia. Here and there, in scattered, irregular distribution there 
was slight glial proliferation in the basal ganglia, thalamus, and den- 
tate nucleus. 

From a study of five cases of acrodynia at autopsy we have been 
unable to demonstrate histopathologic changes which could be con- 
sidered characteristic or explanatory of the disease. All of the deaths 
in this series were attributable to severe acute infections mainly in 
the upper respiratory tract and lungs. The changes in the other or- 
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gans could be explained largely on the basis of the terminal infec- 
tion. Examination of the central nervous system, the peripheral 
nerves and the sympathetic nervous system failed to disclose micro- 
scopic changes which could not be related to the terminal infection. 


SUMMARY 


The data herein reviewed support the suggestion that the manifes- 
tations of acrodynia are dependent upon a diffuse disorder of the cen- 
tral nervous system with associated involvement of the autonomic 
nervous system. The mechanism by which the symptoms and physical 
signs of acrodynia are produced is, in large measure, traceable to a 
diffuse stimulation of the autonomic nervous system with involvement 
and overactivity not only of the sympathetic but also of the parasym- 


pathetic divisions of this system. 
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THE ROLE OF ERYTHROCYTE FRAGMENTATION IN THE 
GENESIS OF ANEMIA 


Tuomas B. Cootey, M.D., AND PEARL Leg, M.D. 
Detroit, Micu. 


RAGMENTATION, with ultimate disposal of the fragments by 

phagocytes of endothelial origin, has long been recognized as the 
normal method of disposal of the red cell. Ehrlich, as long ago as 
1880, described the process in some detail, recognizing the poikilocyte 
as a cell preparing for dissolution and designating the free motile 
fragments seen in fresh preparations as schizocytes. A number of 
other observers commented on evidences of fragmentation seen in 
normal blood, and the common assumption seems to have been that 
these fragments grow smaller and smaller through the mechanical 
effects of attrition in the cireulation, to become a sort of hemoglobin- 
containing dust, whose final disposition is a function of reticuloendo- 
thelium in various sites. Rous and Robertson in 1917 published 
observations which went to prove that fragmentation is a constant 
feature of the blood of normal animals. Rous in 1923 reviewed the 
whole literature of the normal fate of the red cell, and Doan and 
Sabin in 1926 gave a rather more complete description than any of 
the others of the fragmentation as seen in rabbits’ blood, with obser- 
vations also on ultimate phagocytosis of the fragments by desqua- 
mated endothelial cells in the blood stream. 

From these studies we obtain a very satisfactory picture of what 
happens to the senile red cell up to the final, still little understood 
process of bilirubin formation and reutilization or deposition of the 
iron. The fragmentation process is best studied in the fresh, moist 
preparation, unstained or made with a film of neutral red, sealed with 
a mixture of vaseline and paraffin and watched in the warm box, 
whose temperature should be kept below 37°, as above this point 
increases in temperature have been observed to cause acceleration of 
the process (Isaacs, Doan and Sabin and others). We ean offer no 
better description of what is to be seen in the sealed film of normal 
blood than that of Doan and Sabin, which we quote. ‘‘In watching 
fragmentation, we have found that a red cell puts out a long process 
and thereby becomes the so-called poikilocyte. At first the process 
does not move, then it begins to vibrate slowly, then faster and faster. 
This vibration marks the beginning of fragmentation. As the proc- 
ess vibrates, it gradually becomes thinner and thinner at some point 
and then separates. If the thinned out place is at the end of the 


long process the fragment becomes a rod, often looking like an irregu- 


From the Children’s Hospital of Michigan. 
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lar but yellow bacillus; if near the tip, it becomes a round or oval 
body. We have seen every variation in size and shape of these proc- 
esses, up to an actual division of a red cell into two equal parts. 
Sometimes two or more processes form on a red cell at the same time.’’ 
We would add to this an observation of our own, made also by Ehr- 
lich, that many of the small slender fragments, which are likely to 
have a refractile enlargement at one end, and to show a resemblance 
to spermatozoa, have definite independent motion, so that in the 
pathologie states to be described, in which the drop of blood is full 
of the fragments, one might easily think that he was observing the 
blood of some protozoan infection. It is, of course, to be understood 
that in normal blood comparatively few cells undergo disintegration 
at the same time, so that some search is necessary to find the frag- 
menting forms. We have found ‘‘budding’’ a convenient term for 
these cells that are putting out processes preparatory to fragmenta- 
tion. 

Considering that it has been generally, if rather vaguely recognized 
that fragmentation plays the most important part in the normal de- 
struction of the red cell, it seems surprising that so little attention 
has been given to the likelihood of abnormal increase in this process 
as a factor in the genesis of anemia. It is common enough to speak 
of ‘‘inereased blood destruction’’ in certain types of anemia, but this 
increased destruction is more often a deduction from increased pig- 
ment metabolism, or from lack of other adequate explanation for the 
anemia than a direct observation, and the assumption is often made 
that inereased destruction and ‘‘hemolysis’’ are synonymous terms. 
Hemolysis should mean the freeing of the pigment from the red eell, 
as it may be observed in vitro as the result of certain immune re- 
actions, exposure to chemical or bacterial poisons, or to changes in 
osmotic pressure, as in the fragility test. Jn vive such processes are 
rare. They are to be met with in paroxysmal hemoglobinuria, in 
transfusion reactions, and in some kinds of poisoning. The type of 
the so-called hemolytic anemias is hemolytie icterus, in which the 
cells, which have a peculiar susceptibility, apparently collect in the 
spleen and lose their pigment there by a process not clearly under- 
stood, but which is not preceded by fragmentation in the blood stream. 
Erythroblastosis fetalis probably involves a similar process. Some 
of the anemias often spoken of as hemolytic, however, including per- 
nicious anemia, erythroblastic anemia, perhaps sickle cell anemia and 


the hemolytic anemia of pregnancy, probably do not belong in this 


class. Hemolysis as observed in vitro involves the passing of the 
hemoglobin into solution in the fluid menstruum, with the cell form re- 
maining as a ‘‘ghost.’’ The breaking of the cell into pieces which 
retain their hemoglobin evidently should not be confused with this, 
even though hemolysis must be the ultimate fate of this hemoglobin. 
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Fragments and forms of cells about to break up as seen in the sealed fresh 
film. 
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Our attention was first called to the clinical significance of excessive 


fragmentation in the case of a four-year-old girl admitted to the 
Children’s Hospital in November, 1932, because of jaundice, ascites 
and splenomegaly which had developed in the course of chronic sup- 
purative otitis media. Splenectomy was necessary, and the spleen 


showed an extreme degree of chronic infectious splenitis. The jaun- 
dice and ascites disappeared after the operation and have not returned. 

The patient was not anemic on admission, having 13.5 gm. Hgb. 
and 4,600,000 R.B.C. There was, however, evidence of considerable 
disturbance in erythropoiesis, with anisocytosis and poikilocytosis, 
many microcytes, and 10 per cent reticulocytes. Resistance to hemoly- 
sis was somewhat increased, and the curve of gastric acidity was nor- 
mal. Quite exhaustive laboratory studies gave no other significant 
findings. 

The child did well until, in the course of convalescence, suppura- 
tion developed in the operation wound and in a needle puncture. 
This was followed by a rapid fall in hemoglobin and erythrocyte 
count, which soon produced a state of grave anemia. Studying the 
blood at this stage, Lee was struck by the numbers of peculiarly 
shaped erythrocytes, whose development she thought would be better 
observed in moist preparations. These were made, and presented a 
remarkable picture. The whole film was alive with motile, hemo- 
globin-containing fragments, the commonest being the spermatozoon- 
like forms already mentioned. A large proportion of all the red cells 
showed some one of the forms of distortion described by Doan and 
Sabin as preparatory for fragmentation; either the poikilocyte with 
the waving tip, the slender processes, single or multiple, or the nearly 
median fission, the latter being obviously the cause of the many micro- 
eytes to be seen in the film. It was evident that a large proportion 
of the erythrocytes were being destroyed at the same time, and that 
regeneration was not keeping pace with this process, as few young 
forms were to be found. This destruction was not due to any toxie 
property of the serum, as cells from a normal person mixed with the 
patient’s serum were not affected, nor did the patient’s cells disin- 
tegrate less rapidly in normal serum. After a few days’ study of 
these phenomena transfusion became necessary. Other therapy was 
not employed as it was desired to observe the behavior of the trans- 
fused cells. The immediate effect of transfusion was striking. The 
child, previously prostrated and apathetic, revived immediately, and 
was happy and playful. The transfused cells were evidently not 
affected by the fragmentation process, as the proportion of distorted 
cells was greatly diminished and remained so for more than two 
weeks, as might have been expected from the normal life of the trans- 
fused cells, with the patient’s cells undergoing destruction as before. 
Our observations were interrupted at this point by an attack of 
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measles. On her return two weeks later she had only 2.5 gm. Hgb., 
with no important change in the rest of her blood picture except that 
there were 900,000 platelets and 17 per cent normoblasts. Reticulo- 
cytes were absent. Fragmentation was again extreme. Transfusion 


was followed by the same response as before. 

We have observed this sequence of events in this patient after four 
transfusions. Each time there has been the same prompt improve- 
ment, with marked diminution of degenerating cells, which lasts be- 
tween two and three weeks, after which the great excess of fragment- 
ing cells is again apparent. In all this time there have been practi- 
sally no reticulocytes in the blood. The platelet count reached the 
maximum of 900,000 four months after the splenectomy, then fell 
quite rapidly to the pre-operation level of 250,000. It did not appear 
to have any relation to the number of fragments in the blood. The 
patient has had during the period of observation operations upon both 
mastoids, and a tonsillectomy. She had received liver, iron and cop- 
per for three weeks before the fifth (recent) transfusion, without 
apparent effect upon the blood. Since this transfusion and the tonsil- 
lectomy which followed it, reticulocytes have reappeared in a pro- 
portion of 10 per cent. 

We are satisfied that this whole disease picture has resulted from 
the toxemia of focal infection. The excessive fragmentation was 
probably beginning when she was admitted, but was compensated by 
increased production until the wound infections added the final insult 
to the marrow. Since that time we have had a picture of hypoplasia 
of erythropoietic marrow, plus greatly increased destruction by frag- 
mentation. Our cbservaticns of the process of disintegration in the 
moist films, and of the effects of transfusion, have aided us greatly in 
understanding the genesis of the anemia. The splenomegaly had no 
causative part, but the splenectomy doubtless made the fragments 
more prominent in the blood stream through lessened phagocytosis. 
Therapy, if successful at all in such a ease, will probably help only 
after the patient is free of her various infections. 

Three patients with erythroblastic anemia, two of them sisters, 
all of whom have had their spleens removed, have been studied dur- 
ing this same period. This anemia is characterized by extreme hyper- 
plasia of erythropoietic marrow and a constant outpouring of young and 
immature cells into the circulation, with very high counts of reticulo- 
cytes and erythroblasts. Increased pigmentation of the serum indi- 
cates abnormal destruction, which we had supposed to be due to 
hemolysis of some type, in spite of increased resistance to hypotonic 
solutions, until we studied moist films from these patients. They show 
the most extreme fragmentation that we have observed, even when 
the hemoglobin and red cell levels are practically stationary. The 
balance is, of course, due to the great increase in erythropoiesis. The 
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fragmenting cells show all the forms previously described, and in ad- 
dition many which look as though they had been burst by an explo- 
sion. We have on various occasions tested serum from patients with 
this disease against normal cells without seeing any destructive ef- 
feet. The great splenic enlargement is probably ‘‘spodogenous,’’ and 
has nothing to do with causing the anemia. 

A boy of eight and one-half years, with a hypochromic, hypochlor- 
hydrie anemia said to have existed from infancy, gave interesting 
findings. From the appearance of stained smears his anemia would 
have been termed microcytic. Fresh films gave a different impression. 
There was decided excess of fragmentation, but of a somewhat dif- 
ferent type from that observed in the first case, with fewer poikilo- 
eytes and ‘‘budding’’ cells, and a notable proportion of long elliptical 
cells resembling forms seen in sickle cell anemia. These and many of 
the normal-sized round cells tended to divide by median fission, pro- 
ducing microcytes. Our impression was that most if not all of the 
microcytes were produced in this way, and that the anemia could not 
be ealled microcytic in the sense that the small cells were produced by 
the marrow. This blood was studied in an overheated box. Under 
this condition the process of fission could be seen to go on in a eell 
until there was a group of five or more minute round forms in the 
place of the original cell. Ponder in his book describes precisely such 
an appearance as an evidence of hemolysis. If he were right, there 
should be a ghost cell remaining, which we did not see. There were 
less of the small fragments in this blood than in the bloods of the 
splenectomized patients, presumably because this boy’s spleen was 
funetioning, 

These were unusual types of anemia. In attempting to estimate 
the general importance of fragmentation as a factor in producing 
anemia we have studied films from a number of- the more ordinary 
forms. This group has included: (1) Three cases of the combination 
of deficient or improper feeding and infection so frequently seen in 
the polyelinic. They showed fairly severe anemias of the type ana- 
lyzed last year by Josephs, in which he demonstrated increased de- 
struction by determination of pigment excretion. Hypoplasia of the 
erythropoietic marrow is unquestionably present in cases of this type. 
In all these we were able to observe marked increase in the percent- 
age of fragmenting forms, though the small fragments, more frequent 
than in normal blood, were not nearly so much in evidence as in the 
blood of the splenectomized patients. (2) Two infants with strepto- 
coecus septicemia. In one, with hepatitis and jaundice, but little 
anemia, we could not detect increased fragmentation; in the other, 
without jaundice but more anemic, it was definite. (3) Three cases 
of pneumonia. In two, with moderate anemia, we could not definitely 
see an increase in fragmenting forms; in the third, a more anemic 
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infant in whom malnutrition had probably played a part, it was very 
distinct. (4) A severe anemia in a three months old infant of the 
type which we have described elsewhere as due chiefly to deficient iron 
reserve, with the acute development precipitated by infection. This 
blood showed many misshapen forms, but few small fragments. Within 
a few days after a transfusion all signs of cell destruction had dis- 
appeared. In the cases which responded with moderate rapidity to 
medical treatment signs of fragmentation progressively diminished, 
but this did not always seem to keep pace with the clinical improve- 
ment, nor was there any obvious relationship between the appearance 
of reticulocytes and the disappearance of fragmentation. 


Recently we have had in the hospital two sisters with congenital 
hemolytic icterus. One came in just after a hemolytic crisis, and the 
second was admitted during a crisis in which her hemoglobin fell 
from 15 gm. to 6 gm. within ten days. Neither of these patients 
showed any sign whatever of cell disintegration in the circulating 
blood. It was noticeable that the moist films seemed to show less 
microcytosis than the stained smears; also that there were no poikilo- 


cytes in stained preparations. 
DISCUSSION 


Study of the red cells in fresh sealed preparations was once a com- 
mon precedure. Of recent years staining methods have almost en- 
tirely supplanted it except in the diagnosis of sickle cell anemia, and 
in the ‘‘supra-vital’’ technic. Our studies on these cases have led us 
to believe that it still has a very definite place in the appreciation of 
the mechanism of anemia. We have made use of the warm box, at 
temperatures varying from 32° to 37°, but it is not really necessary 
except for prolonged observation, as the phenomena are readily ob- 
served at room temperature. 

Our studies made in this way have satisfied us that in the ordinary 
secondary anemias, and some of the primary forms blood destruction 
by an exaggeration of the normal process of fragmentation is a defi- 
nite, easily observed feature, usually accompanied by indications of 
marrow hypoplasia, in that regenerative forms are lacking. We have 
not arrived at a quantitative method of measuring fragmentation or 
the steps leading to it, but the difference between what is to be seen 
in normal blood and the appearance in a pronounced anemia are so 
marked that it is not difficult with a little experience to arrive at a 
fairly satisfactory standard of comparison. 

The reason for this destruction is not perfectly clear. The natural 
assumption would be that the red cells which go to pieces so easily do 
so because of imperfect structure. Another possibility has occurred 
to us. If one thinks of the emergence of the cell into the circulation 
as a result of the push of new cells forming behind it, it might be 
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supposed that in a hypoplastic state the cells remain a longer time in 
the marrow, and are already old when they emerge. This obviously 
could not be the explanation of the destruction in erythroblastie ane- 
mia, in which an excessive output of young cells is a prominent fea- 
ture. There is no good explanation of the abnormal fragmentation in 
this disease except defective structure. If the idea of old cells com- 
ing into the circulation in the hypoplastic states were accepted, it 
would explain such observations as the lack of marked increase of 
fragmentation in the early stage of the anemia, and its continuance 
after improvement has begun. 

The two cases of hemolytic icterus, as has been pointed out, give an 
entirely different appearance in the moist films. There is no indica- 
tion here of fragmentation, and the microcytes, which are an impor- 
tant characteristic, are probably formed as such in the marrow, not 
the result of division in the blood stream. Poikilocytosis, which we 
believe to be evidence of fragmentation, is not, in our experience, met 
with in hemolytic icterus, although we have seen it noted in case re- 
ports. It is not impossible that in some cases both means of destruc- 
tion might be at work, and this might explain the occasional failure 
of splenectomy. 

We have had recently no case of sickle cell anemia in which the 
process was active. These cells would be difficult to study for frag- 
mentation because of the rapid ‘‘sickling.’’ This is generally assumed 
to be a hemolytic disorder, largely because of its resemblance in some 
features to hemolytic icterus. We are inclined to think that the 
resemblance to erythroblastic anemia is closer, and are not convinced 
that the disease belongs in the hemolytic group. This question might 
be settled by study of an appropriate case, especially after splenee- 


’? 


tomy.* 


Study of fragmentation might seem to have some bearing on the 
theory of the origin of platelets from the red cells, recently revived 
by Watson. Without entering into this discussion, it seems worth 
while to record the observation that in only one of the cases in which 
we have observed an unusual amount of fragmentation was there a 


platelet count above the average. 

We have thought, too, that the appearance of these fragments is 
not consistent with some of the theories of red cell structure. All of 
the fragments large enough to study retain the typical hemoglobin 
color. As they are evidently pieces of cell membrane, the hemoglobin 
must be firmly attached to it. Pepper and Farley have advanced a 


similar argument. 

*Since the above was written we have had opportunity to see the blood of a patient 
with sickle cell anemia whose spleen was removed about two years ago. Her hemo- 
szlobin has remained close to 8 gm. for some time. This blood is like that of erythro- 
blastic anemia in having many budding forms and small fragments, though the picture 
is not an extreme one. There is here also a high percentage of reticulocytes. 
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We are presenting these studies in the hope that others may be in- 
duced to make the moist film a part of their routine of blood investi- 


gation, as we believe that valuable information regarding the patho- 


genesis of the anemias is to be gained in this way. 
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PEDIATRICS—WHAT IS IT? 


WiitBurt C. Davison, M.D. 
DurHAM, NortTH CAROLINA 


EDIATRICS is not a specialty comparable to surgery, neurology, 

and orthopedics, but is instead general practice limited to the eare 
of children from birth, or even before birth, to the age of fourteen years. 
In the eare of children, the prevention of disease is more important 
than its diagnosis and treatment. There is a closer relationship be- 
tween general practice and pediatrics than between the latter and the 
other specialties, because many physicians in general practice spend 


a large proportion of their time in pediatrics. Bass' recorded that 
over 20 per cent ef the daily work of one hundred and fifty phy- 
sicians in general practice was with children, and the experience of 
others has shown that as high as 60 per cent of family practice is 
in the age group below fifteen years. As Grulee*® expressed it, pediat- 
rics is separated from internal medicine by a horizontal line rather 
than a vertical one. 

Pediatrics has five important overlapping functions, largely pre- 
ventive, and most physicians are interested in them to different de- 
grees: (1) The care of the newly born, with recognition of jaundice, 
bleeding, malformations, ete.; (2) feeding, and diet regulation, nutri- 
tion, periodic examinations, the training of infants and children in 
health habits, ete.; (3) immunization against diphtheria, smallpox, 
ete., as well as the prophylaxis of seurvy, pellagra, rickets and tetany ; 
(4) the recognition of ill children (this probably is one of the most 
neglected features of pediatrics) ; and (5) the diagnosis, prognosis and 
treatment of children’s diseases, especially during their early and 
eurable stages. 

Infant mortality in this country is higher than it should be. There 
are two alternative methods of reducing it, (a) the prevention of 
every condition possible, and the diagnosis and treatment of all other 
diseases, or (b) the focusing of attention and efforts on the most seri- 
ous conditions. The first, though ideal, is impractical, for it is neither 
possible as physicians to be omniscient, nor as medical teachers to 
instil complete knowledge in medical students. In this day and time, 
medical students and physicians, because of the accumulation of 
seientifie details, must learn less and less about more and more, and 
consequently are being forced further and further away from the goal 
of complete knowledge. However, it is possible to concentrate ma- 
Hoel. the Department of Pediatrics, Duke University School of Medicine and Duke 
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jor efforts on the narrower field of serious conditions in which the 
greatest good can be accomplished, so that, knowing the incidence of 
disease, the evaluation of symptoms, and a clinical study of the indi- 
vidual patient can be stressed. 

Unfortunately, there is no agreement in regard to the most serious 
conditions in children. Osler* once said, ‘‘Know syphilis in all its 
manifestations and relations, and all other things clinical will be 
added unto you.”’ A clinical knowledge of tuberculosis was held in 
equally high regard. Today, however, the picture is changed, and 
from a teaching point of view, it probably is wiser to emphasize that 
Wassermann reactions and intradermal tuberculin tests are much 
more important than are the clinical symptoms of syphilis and tuber- 
culosis in children. A Wassermann test should be done on every child 
examined, regardless of clinical or social condition, and not only on 
those children suspected of having syphilis. Certainly for every case 
of syphilis in children diagnosed by clinical signs, five are discovered 
by routine Wassermann tests. An intradermal tuberculin test which 
is negative, with rare exceptions, will eliminate the possibility of 
tuberculosis, while if it is positive, the taking of the temperature night 
and morning usually will demonstrate, in most cases, whether the dis- 
ease process is active or quiescent. Stewart* has stated that in the 
discovering of childhood tuberculosis, if a value of 100 per 
cent is assigned to the intradermal tuberculin test, as a measure of 


its efficiency, the roentgen examination has a reliability of about 


25 per cent, while a physical examination has an efficiency of 
a small fraction of 1 per cent. Of course, it is popular in 1933 to 
eriticize such statements as the foregoing, on the basis that more time 
should be spent studying clinical symptoms, and less reliance placed 
on laboratories. However, the methods which are scorned today as 
too scientific and nonclinical are likely to be the accepted clinical 
technics of future generations: to wit, the stethoscope, which now is 
regarded as the keystone of bedside medicine, was ridiculed when 
Laennec introduced it in 1819. As late as 1840, Samuel Chew’s pre- 
ceptor protested that ‘‘medical auscultation is wholly useless and I 
can investigate diseases of the chest without that mode of examina- 
tion better than any one else can with the help of a cartload of 
stethoseopes.’” 

Nevertheless, notwithstanding the complexity of the situation, some 
progress toward a decision as to the most important pediatric condi- 
tions can be made by classifying these diseases in at least three ways: 
(1) By determining their relative incidence from outpatient and 
hospital records, (2) by discovering their relative severity through a 
study of mortality rates, and (3) by arranging them on the basis of 
those which are preventable by antenatal, natal, and postnatal meas- 
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ures, those amenable to specific therapy, and the remainder which, at 
present, cannot be prevented or cured. 

The relative frequency of children’s diseases has been demonstrated 
by Arena and Harriss,° who found in 150,539 cases of 346 different 


TABLE I 


RELATIVE FREQUENCY OF DISEASES AMONG 80,000 OUTPATIENT AND HOSPITAL 
CHILDREN® 
FREQUENCY NUMBER OF DIFFER- 
(CASES OF EACH DISEASE) ENT DISEASES 
86 (25%) 
101 to 200 (seen every other month) 23 (7%) 
26 to 100 (seen twice per year) 65 (18%) 
5 to 25 (seen once per year) 89 (26%) 
0 to 4 (seen every five years) 83 (24%) 
Total cases 150,539 346 (100%) 




















TaBLe II 


Five PRincipAL CAUSES OF DEATH IN EacH AGE Group (U. 8S. REGISTRATION 
STavres, 1926)7 





ay ve. |? 7 9 10 7 
| 


a UNDER : Pane 
AGES —> "I 1 yr. | 2 YR. ve. | 14 yp. 
Total deaths, all causes | 159,411 | 31,600 | 14,144 9153 | 7018 | 22,779 | 17,263 
CAUSE 2 PERCENTAGE OF DEATHS IN EACH AGE GROUP 
I. Intestinal diseases — l l l l 
(Diarrhea and 
enteritis) i ‘ |} il 











. Chest diseases 

(Pneumonia and in- 
fluenza ) 

Heart disease 
Accidents 

’. Infeetious diseases 
Whooping cough 
Measles 
Diphtheria 
Tuberculosis 





Il. Miscellaneous 

Malformations and 

causes associat- | 

ed with early} 
infancy 46 
Ill-defined group | 4 
Summary of percentage | 
of deaths due to five | 
principal causes in 
each age group | 84 é 58 56 60 








diseases among 80,000 children admitted to the outpatient depart- 
ment and wards of a large children’s hospital over a period of twenty 
years, that eighty-six diseases were common enough to occur at least 
once per month, and that twenty-three additional diseases were seen 
on an average of every other month, and that the remaining two hun- 
dred and thirty-seven occurred less than twice per year. (Table I.) 
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However, it is difficult to be constantly on the alert for even eighty- 
six diseases, not to mention three hundred and forty-six. 

The second method of classification of pediatric disease is based 
upon the death rate, and directs its emphasis upon the number of 
deaths which each condition causes, as shown in Table II. The first or 
intestinal group consists largely of diarrhea and dysentery (enteritis), 
which, fortunately, are readily diagnosed and usually adequately 
treated. However, practically all of these cases could have been pre- 
vented if the infants had been fed whole lactic acid milk and had 
been kept in sanitary and fly-free surroundings. In the second or 
chest group, empyema probably is the most important cause of death, 
because at autopsy, pus can be found in the pleural cavities of a large 
percentage of children who have had pneumonia. Early diagnosis of 
this complication and its adequate surgical treatment might have pre- 
vented many of these deaths. Repeated needling and fluoroscopic 
and x-ray examinations are essential in the search for empyema after 


Tass IIT 


PRINCIPAL CAUSES OF DEATH IN A LARGE CHILDREN’S HOSPITALS 








CAUSE OF DEATH NUMBER OF DEATHS 
. Intestinal disease 
(Chiefly dysentery and diarrhea) 53 ( 23%) 
. Chest diseases 
(Pneumonia and empyema) 44 20% ) 
. Heart disease 10 4%) 
. Neurological diseases 
(Chiefly meningitis) 52 ( 22%) 
. Miscellaneous 70 ( 31%) 
Total 229 (100%) 











pneumonia. The third group of heart disease is more important from 
the prognostic point of view than from the therapeutic. One oceasion- 
ally hears of physicians who cure heart disease, but up to the present, 
alleviation of symptoms, and attempts to prevent further damage are 
the best that can be done. The fourth group, of accidents, is inecreas- 


ing rapidly in importance because of automobiles. Every child must 
be instructed in caution. The fifth or infectious disease group should 
not occur at all, for these diseases are preventable. As can be seen 
from the summary of Table II, those five groups account for 34 to 74 
per cent of the deaths in each age group of children. 

Arrangement of the 229 deaths for the year 1931 at the Harriet 
Lane Home (Table III) presents a slightly different picture of the 
most dangerous diseases. Three of the five groups, mentioned above, 
are the same, namely intestinal, chest and heart diseases, but deaths 
from infectious diseases and accidents do not appear because they 
were reported among patients admitted to other departments. The 
most interesting difference shown by Table III is in the number of 
deaths from meningitis. The explanation probably is twofold, first, 
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because many very ill patients suffering from this disease are sent to 
the Harriet Lane Home, and second, because in statistics gathered 
from the whole country (Table IL), a number of deaths really result- 
ing from meningitis are not recognized, nor reported as such. Men- 
ingococcus meningitis, a curable disease, forms one-fifth of group IV 


TaBLe IV 


COMPARISON OF THE CAUSES OF DEATH FROM ALL CAUSES BY AGE IN CHILDREN UNDER 
FIFTEEN YEARS* 
UNDER FIF- | | 
TEEN YEARS | UNDER FIVE FIVE TO /|TEN TO FIF- 
(PER- YEARS NINE YEARS | TEEN YEARS 
| 
| 








CENTAGE OF (PER- (PER- (PER- 
TOTAL CENTAGE) | 
DEATHS ) 
I. Epidemic and infectious) — 19 “| 17 ; 3 
diseases including tu- 
berculosis 
(Tuberculosis from all (3) 
causes, included in I) 


CENTAGE) CENTAGE) 


. General diseases not in- 
eluded in I 
Diseases of nervous sys- 
tem and special sense 
organs 
. Diseases of circulatory 
system | 
Diseases of the respira-|~ 
tory system 
I. Diseases of the digestive | ~ 
system 
. Nonvenereal diseases of 
the genitourinary sys- 
tem 
XI. Malformations 
XII. Early infancy 
XIV. External causes, acci- 
dents, ete. 
XV. Ill-defined causes, and IX | 
Diseases of the skin, 
and X, Bones (IX and 
X were each less than 
0.25% ; VIII, Puerperal 
state, and XIII, Old 
age, do not fall in 
these age groups) 
Total 240,661 | 199,507 | 23,389 17,765 
(100%) | (100%) (100% ) (100%) 
Percentage of total by age — 100 | 84 (61% in 9 7 
| Ist yr.) 


*Deaths (exclusive of stillbirths) from each cause, by age, in the registration area 
and each registration state; 1927; Mortality Statistics, 1927, Part I Tables and Gen- 
eral Tables, Bureau of the Census, U. S. Department of Commerce, U. S. Government 
Printing Office, 1929. (Note: All of the deaths from bacillary dysentery and enteritis 
are counted as dysentery because experience has demonstrated that dysentery bacilli 
are responsible for the majority of these deaths. Half of the deaths from broncho- 
pneumonia, lobar pneumonia, and pneumonia, unspecified, have been counted as 
empyema, for at autopsy many of the children have empyema which usually has not 
been recognized. All of the deaths from rheumatic fever, chorea, pericarditis, endo- 
carditis and myocarditis have been grouped, as practically all of them are due to 
infection with the so-called rheumatic virus). 
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in Table III. The fifth or miscellaneous group contains deaths from 
syphilis and prematurity which might not have occurred, had ante- 
natal and postnatal treatment of the mother and child by the attend- 
ing physician been adequate. 

Table IV, based on the mortality statistics of 1927, confirms the 
facts recorded in Tables II and III, and also emphasizes the need of 
more and better preventive pediatrics, because it demonstrates that 
five groups of diseases and conditions are responsible for 80 per cent 
of all the deaths in children under fifteen years of age; namely, 
I—epidemic diseases (19%) ; V—respiratory diseases (14%) ; VI—di- 
gestive diseases (15%); XII—diseases of early infaney (25%), and 
XIV—external causes (7%). Most of the diseases and conditions in 
these five groups are curable if recognized early, and many of them 
are preventable. The most emphasis should be placed on the pre- 
vention, recognition and treatment of the diseases and conditions 
which oceur in pre-school children, and especially should antenatal 
and natal care be stressed, because 61 per cent of the deaths in chil- 
dren occur during the first year of life, and most of them are in early 
infancy. The need for precautions against tuberculous infection, and 
for its early diagnosis and adequate care also is demonstrated by 
Table IV, because deaths from tuberculosis increase in the older age 
groups, from 1 per cent of the deaths under one year, to 2 per cent 
of those under five years, 5 per cent of those from five to nine years, 
and to 10 per cent of those from ten to fourteen years. However, the 
picture is not altogether true, for the great number of deaths from 
all causes in early infancy produces a misleadingly low percentage of 
deaths from tuberculosis. 

According to the third method of classification, the diseases among 
children can be arranged in five subgroups: (A) those preventable 
by antenatal and natal measures (birth injuries, conditions of early 
infaney, gonorrheal ophthalmia, premature and stillbirths, and syphi- 
lis); (B) those preventable by postnatal measures (accidents, ane- 
mia, dietary deficiencies (pellagra, rickets, scurvy, and tetany), diph- 
theria, dysentery (bacillary), malaria, malnutrition, measles, pertus- 
sis, poisoning, rabies, scarlet fever, smallpox, tetanus, tuberculosis, 
and typhoid-paratyphoid fever) ; and (C) conditions amenable to spe- 
cific therapy (abscesses, allergy, bronchitis, convulsions, diabetes, di- 
etary deficiencies, diphtheria, epilepsy, erysipelas, fungus infections, 
lung abseess, malaria, meningitis, otitis media, parasites (intestinal), 
syphilis, thymus enlargement, and tuberculosis). To this last group 
should be added such surgical conditions as appendicitis, empyema, 
intestinal obstruction, intussusception, mastoiditis, and pylorie steno- 
sis. Every physician and pediatrician should be on guard constantly 
that these conditions are not overlooked. The last two subgroups are: 
(D) all other epidemic and infectious diseases, some of which ean be 
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eliminated by public health and sanitary measures (mumps, influenza, 
poliomyelitis, ete.) ; and (E) all other diseases and conditions most of 
which, at present, cannot be prevented or cured by specific therapy 
(eneephalitis, leukemia, malformations, ete.). 

This third type of classification is an ideal one because it stresses 
the preventive aspect of pediatrics, a phase which cannot be too 
strongly emphasized because, as shown in Table V, 77 per cent of all 
the deaths among children in 1927 were due to diseases and condi- 
tions which might have been prevented or cured. One quarter of the 
conditions which kill 240,661 children annually (Table V) can be pre- 
vented by antenatal and natal measures, one quarter by postnatal 
means, and one fifth can be cured by specific therapy. An example of 
what can be done by antenatal care is Gengenbach’s® report that the 
infant mortality was 178 per 1,000 live births from mothers who did 
not make antepartum visits to their physicians, and only fifteen from 
those who made nine or more visits. An encouraging study of the 
benefit of postnatal measures is that of Brooks'® who recorded that 
the infant mortality among the colored infants of a Southern city fell 


TABLE VI 


COMPARISON OF THE PREVENTABLE, CURABLE AND NONPREVENTABLE CAUSES OF DEATH 
IN A LARGE CHILDREN’S HOSPITALS 


CAUSES OF DEATH NUMBER OF DEATHS 


A. Antenatal and natal preventable causes 38 ( 17%) 
B. Postnatal preventable causes 84 ( 36%) 
C. Curable causes 26 ( 11%) 
Total preventable and curable diseases 148 ( 64%) 
E. Nonpreventable diseases 81 ( 36%) 
All diseases and conditions | 229 (100%) 


from 196 to 119, and that of the white infants from 83 to 57 during 
the four years in which the visits to the well baby clinies rose from 
zero to 3,380. 

The facts emphasizing the need of preventive measures and early 
diagnosis and adequate treatment of pediatric conditions can be seen 
perhaps more clearly by studying an analysis (Table VI) of the 229 
deaths which occurred among the 1,052 children admitted to the 
Harriet Lane Home. Over 50 per cent of these deaths could have been 
prevented if prophylactic measures had been used by the family 
pediatrician or general practitioner, and part of an additional 11 per 
cent might have been averted if a diagnosis had been made earlier, 
and the children sent to the hospital before specific therapy was too 
late. The figures in Table VII, compiled from cne thousand autopsies," 
are not so striking, but they do demonstrate that nearly half of these 
deaths were from preventable and from curable causes. 

The need for focussing attention on the diseases which can be pre- 
vented, or cured by specific therapy is shown in Table VIII, compiled 
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from the figures of Arena and Harris. Eighty-two per cent of the 
150,539 eases might have been prevented, or the patients cured, while 
only 62 per cent of the three hundred and forty-six diseases themselves 
are preventable or curable. In other words, as shown in Table IX, 


Taste VII 


Tue CAUSES OF DEATH IN 1,000 ConsSECUTIVE AUTOPSIES IN CHILDREN UNDER Four- 
TEEN YEARS OF AGE!1 















































CAUSES NUMBER 
~ A. Antenatal and Natal Preventable Causes 
Syphilis 20 
Prematurity 23 
Cerebral hemorrhage 12 ; 
~ A. Subtotal 55 (D%) 
~  B. Postnatal Preventable Causes 
Tuberculosis 96 
Gastroenteritis 25 
Dysentery 8 
Intoxication 70 
Marasmis 37 
Contagious diseases 47 
Accidents 8 
~ B. Subtotal 291 (29%) 
C. Causes Curable by Specifie Therapy = 
Empyema 20 
Meningitis, purulent 64 
Mastoiditis 30 
Surgery 10 
Intussusception 11 
C. Subtotal «ABB. S(13%) 
~ Subtotal of Preventable and Curable Causes ~ 481 (48%) 
= E. Causes Not Preventable, or Curable by ae 
Specific Therapy 
Pneumonia 157 
Septicemia 83 
Congenital malformation 80 
Heart disease (acquired 42 
Atelectasis 8 
Status lymphaticus 15 
Neoplasms 17 
Peritonitis 33 
Nephritis 15 
Encephalitis 7 
Diseases of the blood 11 
Miscellaneous 25 
Undetermined 26 
E. Subtotal 619 (52%) 
Total ; ~ 1,000 (100%) 





the incidence of cases is higher in the preventable and curable group. 
For example, among 43 per cent of the preventable and curable dis- 
eases, the frequency was over one hundred eases per disease, while 
only 13 per cent of the diseases which cannot be prevented or cured 
by specific measures had this high incidence. 

In order that one may arrive at a decision as to the most important 
disease, they have been arranged in Table X from all three stand- 
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points: (1) Relative incidence, (2) relative mortality, and (3) pre- 
ventability or curability. Fortunately there is no correlation between 
the frequency and the mortality of disease; for example, abscesses 
are the most common condition in children, but they are only forty- 
fourth in relative mortality. As a general rule, the diseases in chil- 
dren for which medical aid is most frequently sought, do not endanger 
life. However, it is rather humiliating to us in the medical profession 
that the diseases which cause three-quarters of the deaths in children 


TasLe VIII 


A COMPARISON OF THE NUMBER OF CASES AND THE NUMBER OF DISEASES AMONG 
OTHER CONDITIONS AMONG 80,000 OUTPATIENT AND HOSPITAL CHILDREN6 





capens NUMBER OF NUMBER OF 
‘ CASES DISEASES 
~ A. Antenatal and natal prevent- 
able causes 3,550 ( 2%) 9 ( 3%) 
B. Postnatal preventable causes 44,626 ( 30%) | 33 ( 9%) 
C. Causes curable by specific ther- 
apy 72,997 ( 49%) 163 ( 47%) 
D. Causes preventable by public 
health measures 1216 ( 1%) | 9 ( 3%) 


E. All other causes most of which 
are not preventable, or 
curable by specifie therapy 28,150 ( 18%) 132 ( 38%) 


~ Total 150,539 (100%) 346 (100%) 





TABLE IX 


COMPARISON OF THE FREQUENCY OF PREVENTABLE AND CURABLE DISEASES WITH ALL 
OTHER CONDITIONS AMONG 80,000 OUTPATIENT AND HospiraAL CHILDRENS 


NUMBER OF PREVENT-| NUMBER OF ALL 




















pennggenesrs ABLE AND CURABLE OTHER 

(CASES OF RACH BESEASE) DISEASES CONDITIONS 
Over 200 73 ( 34%) ~ 13 ( 10%) 
101 to 200 19 ( 9%) 4 ( 3%) 
26 to 100 47 ( 22%) 18 ( 13%) 
5 to 25 43 ( 20%) 46 ( 35%) 
0 to 4 32 (15%) ‘| 51 ( 39%) 
Total cases a 150,539 | 214 (100%) ~—|S «132 (100%) 





can be prevented, or cured by specific therapy. The most important 
diseases, therefore, are those which can be prevented or cured, and 
the greatest emphasis should be concentrated on recognizing them, 
and on teaching medical students to become familiar with them. Pedi- 
atries can be of the greatest service to the publie if, in its practice, 
emphasis is placed on the prevention of disease, and upon periodic 
examinations of children for the early detection of disease or disease 
tendencies, rather than using it as consultative service. For example, 
it has been found by the investigators of the White House Conference 
and by others, that the health of children who are brought at regular 
intervals to a physician’s office is better than that of those who have 
medical care only during acute illnesses. Also it is true that for every 
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TABLE X 


Tue ONE HuNDRED Most IMPORTANT DISEASES AND CONDITIONS IN CHILDREN 





A. Antenatal and Natal Preventable Causes (Responsible for One-quarter of the 
Deaths Among Children) 

~ acannon ; RELATIVE 

veeneeemen INCIDENCE* 





RELATIVE 
MORTALITY t 





Birth injuries 

Conditions of early infancy (atelectasis, 
suffocation, debility, icterus, scle- 
rema, ete.) 

Gonorrheal ophthalmia 

Prematurity 

Stillbirths 

Syphilis 


94x 
83 
36 
99x 
23 


= | 
| 


Subtotal A (6 conditions) 2% 26% 


B. Postnatal Preventable Causes (Responsible for One-quarter of the Deaths Among 
Children) 


66x 13 

31 45 
46x 68 
93x 71 


Accidents (inel. trauma) 

Anemia 

Chickenpox 

Dehydration 

Dietary deficiencies (pellagra, rickets, 
seurvy, carious teeth, tetany) 

Diphtheria 

Dysentery (bacillary) 

Enuresis 

Feeding regulation 

Intertrigo 56 81 

Malaria 89 29 

Malnutrition 13 83 

Measles 35x 15 

Nutritional disturbances 7 a 

Pertussis 17x 9 

Poisoning 63 64 

Rabies 100x 58 

Searlet fever 51x 19 

Smallpox 98 60 

Tetanus 96 33 

Tubereulosis (incl. the. meningitis) 9 10 

Typhoid-paratyphoid fever (typhoid, 
para A, para B, B suipestifer) 59 27 

Vaginitis 34 100 


2 37 
33x 7 
25 3 
29 74 

4 75 


Subtotal B (23 conditions) 30% 27% 


C. Causes Curable by Specific Therapy (Responsible for One-fifth of the Deaths 
Among Children) 





Abscesses 1 a 
Acidosis 80x 66 
Adenoids 14 65 
Allergy (exe. urticaria) 12 51 
Anemia (see B) 

Appendicitis 16 
Arthritis 54 
Bacteremia 47 
Behavior problems 67 
Bronchitis 17 
Chorea | 61 
Conjunctivitis (exe. gonococcus) § 69 
Constipation 70 
Convulsions 

Dehydration (see B) 

Dermatitis 
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TABLE X—CONT’D 


'. Causes Curable by Specific Therapy (Responsible for One-fifth of the Deaths 
Among Children) 


C mpersent RELATIVE 
wt ; INCIDENCE* MORTALITY t 


Diabetes mellitus 90 
Deficiency diseases (see 
—Diphtheria (see B) 
Dysentery (amebic) 
Empyema 

Epilepsy 43 
Erysipelas 72 
Eye abnormalities 

Fracture 

Fungus infections 

Gastritis 

Hemophilia 

Hemorrhagic disease of the newly born 

Hernia 

Hydrocele 

Impetigo 

Intussusception and intestinal obstruction 

Laryngitis 

Lung abscess and bronchiectasis 

—Malaria (see B) 

Mastoiditis 75 
Meningitis (mgc) 68 
Miliaria 7 


97 


58 


78 
Neurosis 40 
Otitis media 3 
Parasites (intestinal) 45 
Pediculosis 50 
Pneumonia 8 
Prepuce abnormalities 19 
Purpura 86 
Pylorie stenosis 79 
Pyuria 32 
Retardation (physical) 73 
Rheumatic fever 47 
Seabies 30 
Sinusitis 82 
Stomatitis 27 
—Syphilis (see A) 

Tic 74 
Tonsils, hypertrophy of 10 
Thymus enlargement R4 
Thyroid abnormality 81 
Uleers 77 
—Tuberculosis (see B) 

Tumors (abdom., brain, misc.) 42 
Urticaria 54 





Subtotal C (55 conditions) 45% 


D. Diseases Preventable by Public Health Measures 





Influenza 62 
Mumps 65x 
Poliomyelitis 49 


Subtotal D (3 conditions) 1% 
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TABLE X—Conr’D 


E. Common Diseases Which at Present Cannot Be Prevented or Cured by Specific 
Measures 





| RELATIVE | RELATIVE 
INCIDENCE* | MORTALITYt 


Encephalitis 60 36 
Heart disease (acquired) 24 12 
Heart disease (congenital) 48 8 
Hydrocephalus 71 25 
Jaundice 53 82 
Leucemia (all types) 91 42 
Lymph node enlargement 20 50 
Malformations 22 14 
Nephritis 57 21 
Peritonitis 40 
Retardation (mental) (incl. idiocy) 90 
Rhinopharyngitis : 92 
Tonsillitis 20 


Subtotal E (13 conditions) % 10% 


CONDITION 


Total A+ B+C+ D+ E (100 conditions) 95% 87% 


246 remaining diseases and conditions Z 5% | 138% 
100% 


Total 346 diseases and conditions ~ | 400% 


*Based upon 150,539 cases of 346 diseases and conditions among 80,000 children 
in the Harriet Lane Home, Johns Hopkins Hospital, 1912 to 1932: figures marked 
(x) are not representative of the true relative incidence, because patients suffering 
from these conditions usually were on other services, i.e., conditions of early infancy, 
and stillbirths on the obstetrical service, accidents and appendicitis on the surgical 
service, diphtheria, measles and scarlet fever on the contagious service, etc. 1 indi- 
cates the most common disease; 100 the least. (Arena, J. M. and Harriss, R. R., 
Census of the diagnosis file of the Harriet Lane Home [in press]). 


tBased upon 240,661 deaths among children under fifteen years of age, 1927, U.S.A. 
Mortality Statistics; 1 indicates the highest number of deaths; 65 the smallest; no 
figures could be obtained for those conditions marked 66-100. 


dollar paid by the parents of children who are brought regularly to 
their physicians’ offices, three dollars are paid by those who eall for 
medical aid only during emergencies. 


SUMMARY 


As may be seen in Table X, if proper antenatal, natal and post- 
natal preventive measures are perfectly performed, the twenty-nine 
diseases in groups A and B ean be reduced to a minimum, and the 
pediatrician or family physician can confine his efforts to the diagnosis 
and treatment of the fifty-five conditions amenable to specific therapy. 
In other words, instead of trying to teach students and ourselves to 
recognize three hundred and forty-six diseases, the prevention of 
twenty-nine, and the treatment of fifty-five should be stressed. These 
preventable and curable diseases cause 77 per cent of the deaths in 
children. The present reduction of general mortality largely has been 
due to efforts to prevent disease, and future progress probably will 
consist in improving the medical and hospital care of patients, but in 
pediatrics, as these figures only too clearly demonstrate, emphasis on 
both phases must be inereased. If a physician is trained to recognize 
ill children, if he will carry out the immunization measures which are 
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recommended by the White House Conference, and if he will feed chil- 
dren simply and sensibly, the practice of pediatrics will progress, the 
publie will be benefited, and infant mortality decreased. If the doc- 
tors, health departments and public will cooperate, this goal can be 
reached. Much of the present situation is due to the apathy and in- 
difference of the public, and not to any unwillingness of the medical 
profession. The accusation of Lady Mary Montagu is as unfounded 
today as it was in 1717: ‘‘I am patriot enough to take pains to bring 
this useful invention (smallpox inoculation) into fashion in England, 
and I should not fail to write to some of our doctors very particularly 
about it, if I knew any one of them that I thought had virtue enough 
to destroy such a considerable branch of their revenue, for the good 
of mankind. But that distemper (smallpox) is too beneficial to them, 
not to expose to all their resentment, the hardy wight that should 
undertake to put an end to it. Perhaps, if I live to return, I may, 
however, have courage to war with them. Upon this occasion, admire 
the heroism in the heart of—your friend, Mary Wortley Montagu.’”” 
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SERUM PROTEINS AND LIPOIDS IN THE ECZEMA OF 
INFANTS AND CHILDREN 


Haroup K. Faser, M.D., 
AND 
DorotHy B. Roserts, M.A. 
San FRANCISCO, CALIF. 


& IS now some twenty-eight years since Czerny' introduced the 
term ‘‘exudative diathesis’’ into medical nomenclature. His pur- 
pose was in part to remove the confusion with tuberculosis which the 
older term ‘‘scrofula’’ (Skrophulose) involved, but mainly to empha- 
size his conception of the disorder as one based on heredity and con- 
stitution in which metabolism, particularly of the fats, was seriously 
at fault and of which the skin disturbance was but one manifestation. 
Although at that time the modern conception of allergy had not been 
defined and elaborated, Czerny called attention to the importance in 
the clinical picture of idiosyncrasies to various foods, to the frequency 
of urticaria, and to the oceurrence of asthma and allied respiratory 
disorders as a later event in patients with the exudative diathesis. 
While today, at least in America, the term is not widely used, it has 
played an important part in developing the now generally accepted 
view that what is usually called ‘‘infantile eezema”’ is in reality but 
one of the evidences of a constitutional anomaly. 

In many respects our knowledge of the basic nature of this common 
and distressing disorder remains defective. An enormous literature 
has grown up around the subject, which it is impossible to review in 
this paper (see the recent publications of Moro*® and Hili*). That a 
state of allergy occurs in a large proportion of cases is well established 
but whether this is the primary or a secondary phenomenon is uncer- 
tain. The recent study of Smyth, Bain and Stallings* would appear 
to indicate that skin allergy, at least, is characteristically a later 
development, increasing notably from the earlier to the later months 
of the first year, and that hypersensitiveness of the skin to various 
nonspecific irritations definitely precedes it. 

In the search for clues to the nature of the underlying disturbanee. 
rather than with preconceived notions as to what this might be, we 
have made some analyses of the blood of a sort previously little stud- 
ied. These included the total protein, the albumin, the globulin, the 
cholesterol and (in part of the eases) the lipoid phosphorus. 


From the Department of Pediatrics, Stanford University Medical School. 
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Previous studies of the serum proteins and lipoids in the eezema of 
infants and children are few and present observations in small num- 
bers of cases only. Ribadeau-Dumas and Levy,° using the Kjeldahl 
method, reported a slight hypoproteinemia in 5 infants with active 
eczema, and normal figures in 3 others after healing. Goldbloom and 
Gottlieb® reported high cholesterol in 3 of 4 cases of eczema; they 
used whole blood, not serum, and their absolute figures are not com- 
parable with ours. In other reports found in the literature the pa- 
tients were either adult, or the age was not stated. The study of 
Perutz and Klein’ on adults may be mentioned, since they found high 
albumin/globulin ratios and high osmotic pressures in the serum 
during the stage of repair in eczema, while the values were approxi- 
mately normal during the acute stages. 


METHODS 


Total protein was determined by the gravimetric method of Barnett, Jones and 
Cohn. The same method was also used for albumin after separation of this pro- 
tein fraction with half saturated ammonium sulphate. Globulin was also similarly 
determined, but the figures used in the present report represent determinations by 
difference (total protein-albumin), since the amounts of globulin in most of the 
samples were too small for entirely satisfactory accuracy in direct measurement. The 
method of gravimetric measurement has an important advantage over other methods 
available for the analysis of small samples of blood, being more accurate in our 
opinion than micro-Kjeldahl measurements, and quite independent of possible 
variations in amino acid composition of the proteins, as contrasted with colorimetric 
methods. 

Cholesterol was determined by the method of Myers and Wardell.9* The lipoid 
phosphorus was determined by a combination of the methods, slightly modified, of 
Bloor!® (preliminary extraction) and Benedict and Theis!! (determination of 
phosphorus). 

Colloid osmotic (oncotic) pressure was estimated by the formula of Gorvaerts.1? 

Osmotic pressure — (albumin x 5.5) + (globulin x 1.4). The accuracy of this 
formula in correspondence with the actual oncotic pressure of the serum as a whole 
is perhaps not entirely satisfactory, but probably gives a reasonable approxima- 
tion. 

MATERIAL 


Fifty infants and children with typical eczema were studied. Total 
protein was determined in all of these; albumin (and, hence, the de- 
rived figures for globulin, albumin/globulin ratio, osmotic pressure) 
in 46 of them. For comparison, samples of blood were taken from 
36 infants and children without eczema, present or past, and either 
in good health or brought to the clinie for minor complaints. In one 
of these the distribution of albumin and globulin was manifestly ab- 
normal (albumin, 1.59; globulin, 5.19); and in one the cholesterol 
(297 mg. per cent) was extremely high: both these were excluded 
from the computations of the control figures. 


*Our serum samples being small, cholesterol and lipoid phosphorus were determined 
in the alcohol-ether washings of the protein precipitates. 





Nn 
= 
Fy 
= 
< 
< 
a 
a 
— 
m 
) 
= 
Z, 
ps 
S 
= 


THE 





Vt | W6E 
%B- 
90°T 
eP's 
8¢o°8 


a 
oo 


SUG 
9L°L 
9L°8 
13 
"20a | *MLNO 
LN@O Uad 
‘DIN 
d dlodr'l 





M18 | %Ge 
e+ 

STE |9'LT 
0°008/3'0LT 
£°002| L°E9T 
Gh | «8 
‘e a | aL Ni ) 
LNAO Udd 

“OW 


YES 
Yost 
Le°S |98'T 
GS"0E|08'8s 
B'08|FF'8S 
oF | «Ge 
‘oa 
‘DH "WW 
@uossaud 


Mod 


TOUALSA ION) OLLOONO 


WEE 
MWsi+ 
L190 
OLs 
£0°e 
OF 


YS 


9¢°0 
69'S 
09°S 


«CE 


‘MLNO| ‘zoa |*wLNO 


| OLLV4 D/¥ 


| 
| 
| 
| 





MEE 
%6- 
Le°0 
LUT 
est 
oF 


10% 
«ft 
INGO Wad 
‘ND 
Nr'lago'1p 


‘ZOU |"MLNO| °ZO"a | 


| 
| 
| 





£0°S 
t0'S 
9F 


LNG Wad 
“NOD 
NIWO@IV 


I @1avy, 


“WMLNC 


%o8 
Mist 
T¢°0 
£69 
98°9 
0g 
*Zoa 


%Os 


0¢’0 
oLg 
3L°9 


9t 


““LNO 
LN3 


a9 Wad 
“NO 


“LOUd 'TVLOL 


*pez}UIO esBo ouQ, 





UBOUI “I1JU0D IBAO SO8BI JUDD JOG 
(uvoul *13U00 Judd sod) suvou “yi 
(F) s0110 “qQoig 

uBIpey 

uBoy 

SO8RD "ON 




















FABER AND ROBERTS: SERUM PROTEINS AND LIPOIDS IN ECZEMA 81 


Cholesterol was determined in 42 of the eczema group, and 34 of 
the control group. Lipoid phosphorus was determined in 22 of the 
former, and 21 of the latter. 

The age distributions of the two groups were reasonably similar. 
In the eczema group, 12 (24 per cent) were six months or less; 14 
(28 per cent) between six months and a year; 12 (24 per cent) be- 
tween one and two years; and 11 (22 per cent) two years or older: 
in one case the age was not stated. In the control group, 9 (25 per 
cent) were six months or less; 7 (19 per cent) between six months 
and a year; 6 (17 per cent) between one and two years; and 14 (39 
per cent) two years or older. Since the main physiologic changes in 
proteins and lipoids oceur during the first six months, and the main 
differences between the age distributions of two groups occurred 
after the age of six months, we believe that the latter are not of sig- 
nificant proportions for our purposes. 


EXPERIMENTAL RESULTS 


Total Protein—No significant difference in total protein is detectible 
between the groups with and without eczema. The former show a 
slightly higher average figure, and about 8 per cent more of the 
eczema sera than of the controls were above the normal average. The 
variability is equal in the two groups. 

Serum Albumin.—The difference between the two groups is some- 
what more striking than is the case with total protein, but not, per- 
haps sufficient to constitute statistical significance. The eczema aver- 
age is 7 per cent higher than that of the controls, and 10 per cent of 
the cases showed figures greater than the control average. The vari- 
ability in the former was, however, greater than in the controls. On 
the whole a tendency to higher serum albumin in eczema is suggested 
by the data; but it is manifestly inconstant. 

Serum Globuwlin.—As might have been expected from the total pro- 
tein and albumin, the globulin percentages in the eezema group are, on 
the average, somewhat lower (9 per cent) than in the control group. 
Sixty-seven per cent of the eezema group showed figures for globulin 
lower than the control average. The variability is distinctly lower 
in the eczema than in the control group. 

Albumin/Globulin Ratios.—The mean of the eczema group is 12 per 
cent higher than that of the control group, but the variability is quite 
large. Some extreme deviations of the ratios occurred in the eczema 
group ; in four instances, they were in excess of 4.5 and in one instance, 
reached the remarkable figure of 7.7. 

Osmotic Pressure of the Proteins (Oncotic Presswre)—The tendency 
to slightly higher total protein and considerably higher albumin frae- 
tions in the eczema group indicated that the protein osmotic pressure 
would be abnormally high in many eases. This was found true, since 
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27 (59 per cent) of the estimated osmotic pressures were in excess of 
30 mm. of mereury, and the average for the group as a whole was 
30.37 mm. as compared with 28.44 mm. in the controls. The variabil- 
ity in the eezema cases is much wider than in the controls. 

Cholesterol_—The most striking difference between the eczema and 
control groups was seen in the levels of serum cholesterol. While the 
mean of the control group was 163.6 mg. per cent, that of the eczema 
group was 200.3 mg. per cent. The generally accepted upper normal 
limit being 200 mg., it will be seen that the average of the eczema 
group is actually above that figure. Moreover, 21, or 50 per cent of 
the individual eases of eczema, gave figures over 200 mg. whereas, 
only two of the controls exceeded that amount (both presumptively 
abnormally high). The hypercholesterolemia, when present, was in- 
dependent of age. 

Lipoid Phosphorus.—No significant differences between the two 
groups were perceptible in the relatively small number of cases in- 
vestigated, excepting in respect to variability which was greater in 
the control group. No significant differences were found in the ratios 
between cholesterol and lipoid phosphorus. 


DISCUSSION 


It is obvious that no constant difference between the infants and 
children with eczema and those without eezema was encountered 
in the course of the study, and it must be inferred that such differ- 
ences as were found were of a secondary or subsidiary nature. Never- 
theless, they are of some general interest as indicating that eczema 
frequently involves or is accompanied by a considerable disturbance 
of the normal composition of the blood, which may have possible 
repercussions on the normal processes of tissue metabolism and nu- 
trition. In no other condition of which we are aware does the serum 
albumin content of the blood inerease so markedly as in some of our 
cases, nor the albumin/globulin ratio reach such high levels. An 
increase in albumin involves almost four times as great an inerease in 
protein osmotic pressure as does an equal increase in serum globulin, 
and exercises a correspondingly greater obstacle to the passage of 
water from the blood to the tissues, which can only be compensated 
for by an increase in blood pressure. The tendency is obviously op- 
posite to edema—that is, toward dehydration. The point is of some 
interest, since it has been thought on clinical grounds that the tissues 
in eezema show a tendency to hydration. 

The high albumin level suggests that in eczema there may be an 
increased absorption of undigested protein from the digestive tract. 
In a few cases we were able to demonstrate by means of precipitin 
tests the actual presence of lactalbumin in the blood. The test is, 
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however, not accurately quantitative and was also positive in some 
of our controls. We are, therefore, unable to draw any direct con- 
clusions from our few precipitin tests. 

The hypercholesteremia occurring in at least half of our cases of 
eczema—the most constant abnormality noted—as well as the much 
greater ‘‘secatter’’ of the figures for cholesterol in that group (one 
of which was as low as 70 mg. per cent), while of obscure significance, 
suggest a marked instability of cholesterol metabolism as a frequent, 
though not constant, accompaniment of eczema. 


CONCLUSIONS 


1. In the eezema of infants and chiidren, apparently independent 
of age or the state or stage of the disease, the composition of the 
serum protein frequently but not constantly shows deviations from 
the normal. The commonest changes in the proteins are high al- 
bumin, low globulin, and a high albumin/globulin ratio; all of which 


occur more frequently in patients with eczema than in those without 
the disease. These changes involve an increase in the calculated 
onecotic pressure of the serum. It is to be emphasized that the changes 
when observed are not, except in a minority of cases, extreme; they 
are not constant or suggestive of more than a secondary effect of 
the disease. 

2. An inconstant but much more frequent change is hypercholes- 
terolemia. In one-half of the cases of eezema, the level of serum 
cholesterol was found to be in excess of 200 mg. per 100 ¢.c., and the 
average of the group as a whole was also slightly over that figure. 
In a few eases the cholesterol was very low. The results indicate a 
certain instability in cholesterol metabolism in eczema, the signifi- 
eance of which is not clear but which is probably to be regarded as 
a secondary or subsidiary manifestation of the general disturbance. 
No differences in the phospholipids of the serum were detected in 
the eczema group as compared with the controls. 

This work was made possible by a grant from the Rockefeller Fluid Research 
Fund. 
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INTRACELLULAR FLUID LOSS IN DIARRHEAL DISEASE 


ALLAN M. Butuer, M.D., CuHartes F. McKuann, M.D., 
AND JAMES L. GAMBLE, M.D. 
Wirt ASSISTANCE OF PAULINE MARSH 
Boston, Mass. 


INTRODUCTION 


ILE process of the dehydration of infants in the course of diarrheal 

disease may be briefly described. Vomiting and diarrhea produce 
a loss of gastrointestinal secretions and thereby cause a withdrawal 
from the blood plasma of the water and materials mused in the construc- 
tion of these secretions. The blood plasma is, however, sustained 
over a considerable interval, both as regards volume and composition, 
at the expense of interstitial fluid and the extensive loss of interstitial 
fluid which is so conspicuously evident in dehydrated patients is thus 
produced. Eventually the interstitial reservoir is depleted and then, 
with dangerous rapidity, the volume of the plasma falls and distor- 
tions of the electrolyte structure of the plasma develop.’ It is thus 


apparent that an essential step in the repair of dehydration should 
consist in refilling the interstitial body fluid compartments. This is 
usually accomplished by the subcutaneous administration of physio- 
logie salt solution which provides the two quantitatively important 
electrolytes, sodium and chloride ion. With more finesse, a solution 
which copies in detail the composition of interstitial fluid may be used.* 


There remains for consideration the possibility that dehydration 
produces also a withdrawal of appreciable quantities of intracellular 
fluid. The implications of such an event must be considered in terms 
of the electrolyte content of intracellular fluid as compared with that 
of the extracellular fluids. As may be seen in the diagrams in Fig. 1, 
there are only slight differences in the relative values of the inorganic 
factors in the composition of blood plasma and of interstitial fluid. 
These differences are referable, in terms of the Donnan law, to the 
presence of the nonpermeating protein ions in the plasma. Intra- 
cellular fluid, however, presents an electrolyte pattern which differs 
widely from that of the extracellular fluids. Here, instead of sodium, 
potassium is the chief factor in the total fixed base value and phos- 
phate almost replaces chloride. The mechanism which permits these 
large differences in the values for the individual electrolytes in the 
two adjacent fluids has not been discovered. It is evident from their 

From the Department of Pediatrics, Harvard Medical School, and from the In- 
fants’ and Children’s Hospitals. 
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chemical anatomy as described by the diagrams that intracellular fluid 
cannot be used, as is interstitial fluid, in support of the blood plasma 
and also that the materials therapeutically supplied for replacement 
of interstitial fluid will not repair a loss of intracellular fluid. 


Does the withdrawal of interstitial fluid which dehydration pro- 
duces proceed without disturbance of intracellular fluid volume? 
There is evidence which indicates an accompanying loss of intracellu- 
lar fluid. It has been found that when interstitial fluid is removed by 
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Fig. 1.—Showing the relative values for the concentrations of electrolytes in body 
fluids. The values for the cations or potential base are superimposed in the left-hand 
columns and those for the acid radicles in the right-hand columns. The data represent- 
ing interstitial fluid are from cerebrospinal fluid and those for intracellular fluid are 
from muscle tissue. 






























































diuretic agents there occurs also a much smaller but appreciable with- 
drawal of intracellular fluid.» * Apparently, a reduction of the vol- 
ume of interstitial fluid in the body does, to some extent, interfere with 
the maintenance of a normal volume in the adjacent intracellular com- 
partment. 

In the studies just cited the information regarding the source of the 
fluid removed from the body was obtained by measuring the excretion 
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of sodium and of potassium in the urine. If the fairly satisfactorily 
established proposition that a loss of electrolyte from the body is ac- 
companied by a corresponding amount of water be accepted, measure- 
ments of a loss of sodium and of potassium can, as the data in Fig. 1 
indicate, be used to calculate respectively a withdrawal of extracellu- 
lar and of intracellular water. This premise is used in an investigation 
of body fluid losses by infants in the advanced and severe stage of diar- 
rheal disease, the results of which are presented in this paper. The chief 
item of attempt was to learn whether or not there is a considerable loss of 
intracellular fluid in addition to the large loss of interstitial fluid. 


PLAN OF STUDY 


Two infants were studied over a period of twenty-four hours im- 
mediately following their entrance to the hospital. Both were suffer- 
ing severely from diarrheal disease with vomiting and were exten- 
sively dehydrated, So far as could be determined, no food had been 
retained for several days. They were given no food during the twenty- 
four hour period but did receive salt solution subcutaneously and glu- 
cose solution intravenously. The substances measured in the urine 
and stools may therefore be taken as describing losses from the body. 
Sodium and chloride from the administered salt solution can probably 
correctly be included in this statement since the quantities supplied 
were doubtless less than the deficits which dehydration had produced. 
With the hope of obtaining a urine specimen before beginning treat- 
ment, the fluids were not administered until after the first eight hours. 
Catheterization then, however, failed to produce a specimen. The in- 
fants were thus evidently anuric, and the urine secreted during the 
subsequent sixteen hours may be regarded as a response to the fluids 
given. The infants were comfortably immobilized on the metabolism 
bed and a collection of urine and of stools over the twenty-four hour 
period was obtained. In order to insure a complete urine specimen, 
the infants were catheterized at the end of the period. One of the 
infants (A) vomited a few c.c. of fluid. With this exception vomiting, 
which had been frequent before entering the hospital, was absent dur- 
ing the period of study. Blood samples were taken at the beginning 
and at the end of the twenty-four-hour interval. 

Measurements of total fixed base, sodium, potassium, phosphorus 
and nitrogen were obtained from both urine and stools. The concen- 
trations of total fixed base, chloride, and carbon dioxide content were 
determined in the serum of the blood samples, collected and separated 
under oil. 

The following methods of analysis were used: total base by the method of Fiske5; 
sodium by uranyl zine acetate precipitation as described by Butler and Tuthill®; 
potassium by Fiske’s modified cobaltinitrite method in which potassium is 
reprecipitated as potassium acid tartrate’; phosphorus by the method of Fiske and 
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Subbarow’; chloride by Fiske and Lin’s method of wet ashing with nitric acid 
and potassium permanganate and Volhard titration®; carbon dioxide content of the 
serum according to Van Slyke and Sendroy!®; and nitrogen by macro-Kjeldahl. 


RESULTS AND DISCUSSION 


If the loss of body fluid in diarrheal disease caused by failure of 
reabsorption of gastrointestinal secretions is limited to extracellular 
fluids and if the quantity of intracellular fluid presenting for ex- 
cretion is determined only by the extent to which body protoplasm is 
destroyed as a result of the factor of fasting which the situation con- 
tains, the composition of the fixed base excretion in urine and stools 
ean be postulated readily by reference to the diagrams in Fig. 1. In 
other words, nearly all of the fixed base in the stools should be sodium 
and, owing to the sodium deficit thus produced within the body, no 
sodium should be permitted to enter the urine. The fixed base in the 
urine should consist chiefly of potassium, the amount of which should 
correspond to the extent of the destruction of body protoplasm as in- 
dicated by the nitrogen excretion. 

The measurements actually obtained from the two infants (Tables 
I and II) extensively disobey these expectations. In both instances 
the quantity of potassium in the stools is, in relation to sodium, very 
much larger than would be expected on the basis of the relatively 
small value for potassium in gastrointestinal secretions and in the 
extracellular fluids (Fig. 1). The urines both contain appreciable 
quantities of sodium which, however, are small fractions of the amounts 
of sodium supplied by the administered salt solution. The expected 
considerable excretion of potassium is found. When, however, the 
loss of intracellular fluid calculated from the urine potassium is com- 
pared with the loss of fluid as estimated from urine nitrogen, it is 
found to be much larger. These caleulated values are given in the 
third section of the tables.* It thus seems that potassium and a cor- 
responding quantity of intracellular water are excreted in the urine 
to a much greater extent than can be accounted for by the destruction 
of body protoplasm as measured by the nitrogen exeretion.t The 

*The formulas used in calculating the extra- and intracellular fluid losses were 
those of Peters and Van Slyke": 


Na — 0.425 
= 438 - liters of extracellular water lost. 


= liters of intracellular water lost. 


in which Na and K represent milligram equivalents of base found. As regards the 
0.0 value for extracellular water in urine which was found for both infants, it may 
be noted that the factor 0.425 K in the first equation produced values for Na from 
intracellular water of 2.10 m-eq. for infant A and 1.23 m-eq. for infant B, which 
very closely cancel the found values for Na given in the table, 1.97 m-eq. and 1.25 
m-eq. respectively. 

The intracellular fluid loss corresponding to destruction of protoplasm was calcu- 
lated from the formula: 

Nitrogen (gm.) x 29.5 x .76 = c.c, water. 

tAny nitrogen lost through the skin could not account for the excess of excretion 
of potassium over nitrogen in the urine and stools as available data indicate that the 
ratio of nitrogen to potassium in sweat is less than that obtaining in protoplasm. 
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simplest explanation of this finding is that, in addition to the release 
of water from destroyed protoplasm, there occurs a withdrawal of 
water from tissue cells. The extent of this withdrawal of intracellular 
water is measured by subtracting the value for released water, calcu- 
lated from the nitrogen measurement, from the total excretion of 
intracellular water calculated from the potassium excretion. In the 
stools the value for ‘‘withdrawn’’ water thus obtained constitutes 
much the greater part of the excretion of intracellular water, and is 


approximately as large a quantity as the extracellular water loss cal- 
culated from the sodium content of the stools. The total value for 
‘‘withdrawn’’ intracellular water in the urine and stools taken to- 
gether is, in both experiments, actually larger than the total excre- 


tion of extracellular water. 

The measurements obtained from the initial blood serum samples 
show extensve changes from their normal values for the three quan- 
titatively important structural factors and demonstrate that the proe- 
ess of dehydration has passed the point beyond which the plasma 
cannot be accurately sustained by water and materials from the inter- 
stitial reservoir. 

The major finding from this study of two infants in an advanced 
stage of dehydration is the evidence just presented demonstrating 
that, in addition to the loss of interstitial fluid, which we are accus- 
tomed to regard as the essential event, there is operative also a proc- 
ess of withdrawal of intracellular fluid producing a water loss which 
is quantitatively even larger than the loss of interstitial water. 

The data obtained from these infants do not explain the process of 
withdrawal of intracellular fluid. An especially puzzling feature is 
its removal to a large extent in the stools, which under the conditions 
of this study, are assumed to be composed of gastrointestinal secretions 
in which the concentration of potassium has approximately the same 
small value found in the blood plasma, 5.0 m-eq. per liter. In the stools 
from these infants, the concentration of potassium was for A, 39.5 
m-eq. per liter and for B, 47.5 m-eq. per liter. The disability of renal 
function, which is a consequence of severe dehydration, probably 
somewhat raises the level of potassium in the plasma. Direct infor- 
mation on this point is unfortunately lacking. It has been found, 
however, that in advanced renal disease the concentration of potas- 
sium is rarely more than double the normal value. The subjects of 
this study received glucose solution which presumably enabled the 
kidneys to operate fairly accurately as indicated by the secretion of 
a sizable volume of rather dilute urine. It is, therefore, altogether im- 
probable that potassium accumulated in the extracellular fluids to an 
extent sufficient to explain directly the high values found in the stools. 

There is some temptation to suggest a substitution of potassium for 
sodium by the secretory mechanisms in supporting the required osmo- 
lar value of the intestinal fluids. That the total concentration of 
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electrolytes was sustained at approximately the body fluid level is 
shown by the rough agreement of the total fixed base concentration 
in the stools with the values for fixed base found in the plasma. It is, 
however, physiologically unlikely that unusual substances could be 
employed in the construction of secretions and, since these infants 
received sodium chloride solution, there is little basis for supposing 
a purposeful or compulsory substitution of potassium and phosphate 
for the regularly used materials, sodium and chloride. 


Another conjecture contains, to our minds, some degree of prob- 
ability. This consists in premising a much more rapid absorption of 
sodium than of potassium from the bowel with the result that the 
potassium content of the stools represents an accumulation derived 
from the small quantities present in normally constructed secretions. 


In support of this surmise an observation made by one of us may be 
cited.** In the case of a normal subject when the food contains sev- 
eral times as much sodium as potassium and, moreover, encounters 
during digestion secretions which contain twenty-five times as much 
sodium as potassium, more potassium than sodium is found in the 
stools. Assuming no reabsorption of potassium, the concentrations of 
potassium found in the stools of these two infants with diarrheal dis- 
ease describe an approximately tenfold concentration of gastrointes- 
tinal fluids containing, when secreted, the normal value for potassium, 
5.0 m-eq. per liter. Interestingly it may also be seen in the tables that 
the concentration of phosphate in the stools is closely ten times the 
value found in normal blood plasma, 2.5 m-eq. per liter. Since un- 
der normal circumstances there is very little reabsorption of phos- 
phate although potassium is extensively returned to the body fluids, 
this parallel relationship of the concentrations of potassium and phos- 
phate in the stools of these infants to the normal blood plasma values 
suggests that diarrheal disease interferes more or less completely with 
the reabsorption of potassium. In the case of the infant B, whose 
stool volume was very large, 192 ¢.c., a total secretion of nearly 
2000 ¢.c. of intestinai fluids would be required to account for the ten- 
fold concentration of potassium found. This is a large figure for the 
seeretions, but is not of an impossible order of magnitude. The 
twenty-four-hour volume of gastrointestinal secretions for a normal 
adult is 8-10 liters and the surmise is permissible that the volume of 
the secretions may be much increased in diarrheal disease. Also, a 
slight increase in the potassium concentration in the plasma above 
the normal value, which is a not improbable event in severe dehydra- 
tion, would greatly reduce the calculated volume of secretions. For 
instance, if the plasma potassium in the infant B be taken as 7.5 m-eq. 
per liter instead of the normal value 5.0 m-eq. per liter, the volume 
of secretions required to produce the concentration of potassium found 
in the stools would be 1200 ¢.c. instead of 2000 ¢.c. This explanation 
of the large excretion of potassium in the stools, if it could be estab- 
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lished, would deseribe a process of withdrawal of intracellular fluid 
operative whenever abnormal circumstances produce a partial inter- 
ference with the reabsorption of gastrointestinal secretions. 

The presence of an intracellular fluid loss complicates our concep- 
tion of the process of dehydration and disturbs our confidence in the 
therapeutic adequacy of parenteral treatment. Since repair solutions 
must be placed in the vascular or in the interstitial compartment, they 
cannot contain with safety the intracellular materials, such as potas- 
sium and phosphate, at concentrations above the small values pre- 
scribed for them in extracellular fluids. The solution devised by 
Hartmann contains potassium appropriately to this extent. It is evi- 
dent, however, that such solutions cannot provide an adequate re- 
plenishment of intracellular materials. Parenteral therapy has a large, 
often dramatic, effectiveness. It must be admitted, however, that it is 
not always successful and it may be hoped that recognition of an addi- 
tional pathologie process in the situation will eventually produce 
supplementary measures which will provide a more complete control 


of the severe stage of diarrheal disease. 
SUM MARY 


Estimations of the extent and source of losses of body fluid by 
infants in an advanced stage of diarrheal disease were obtained from 
measurements of the exeretion of sodium, potassium and nitrogen in 
the urine and stools. 

It was found that intracellular fluid is excreted in both urine and 
stools to an extent much greater than can be accounted for by re- 
lease of water due to destruction of protoplasm. The additional water 
is regarded as withdrawn from tissue cells. The total quantity of 
withdrawn intracellular water was found to be larger than the loss of 
interstitial water. : 

According to the findings in this study a loss of intracellular fluid, 
in addition to a loss of extracellular fluid, must be recognized in the 
process of dehydration produced by diarrheal disease. 
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OBSERVATIONS ON THE EFFECT OF AGING ON THE 
POTENCY OF SPRAY-DRIED ANTISCORBUTIC 
MATERIAL 


Henry J. GERSTENBERGER, M.D., DonALDA N. Situ, B.S., AND 
G. L. Hacker, M.D. 
CLEVELAND, OHIO 


| gpemetrs to protect the vitamin C content of various fruits and 

vegetables and to obtain it in a concentrated and preserved form 
have been made rather successfully from the standpoint of retaining a 
high degree of the potency of the original material by various work- 
ers (Chick, Hume, and Skelton,’ Givens and Cohen,? Givens and 
McClugage,*® Harden and Zilva,* Harden, Zilva and Still,’ Givens end 
MeClugage,® and Harden and Robison‘). 

Givens and McClugage’® in their experimental study of spray-dried 
orange juice found that it had retained practically all of its potency 
three and a half months after manufacture. They concluded their 
article with the following sentence: ‘‘It is suggested that the dried 
orange juice will serve as a convenient antiscorbutie for use in infant 
feeding, on polar expeditions, in the navy, and for soldiers during war.’’ 

This material, however, later on was found to be, in practice, very 
hygroscopie. 

Goss,® in 1925, made a definite statement bringing out this point in 
his report on orange juice which had been dried by the spraying proe- 
ess two years previously, and which had been found to be still suffi- 
ciently potent to cure guinea pigs from scurvy in a dose no greater 
than that required for fresh orange juice. 

Harden and Robison’ also referred to the hygroscopic qualities of 
the concentrated orange juice. 

This hygroscopic characteristic of orange juice, concentrated alone 
or with cane sugar, represents a severe handicap in the use of dried 
orange juice as a practical antiscorbutic. 

Bassett-Smith,® in 1920, without particularly commenting on this 
point, seemingly overcame this difficulty by mixing concentrated lemon 
juice with lactose and gum tragacanth, putting the material in lozenge 
form. He found that the antiscorbutie potency of this preparation 
had been retained at the end of twelve months. 

The Laboratory Products Company, manufacturers of S.M.A., being 
interested at my behest in making S.M.A. Powder antiscorbutie, finally 


produced a spray-dried orange juice-lactose combination which was 


From the Babies and Childrens Hospital and the Department of Pediatrics of 
the School of Medicine, Western Reserve University. 
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but slightly hygroscopic. This material was tested in a preventive 
and in a curative manner on guinea pigs, both at the time of manu- 
facture and thereafter at intervals of one to seventeen months. Mate- 
rial from one of the lots of orange juice dried in this manner was fed 
to a seorbutie infant fifteen months after its manufacture. 

Beginning with 1924, practical experience with the incorporation of 
the antiscorbutie vitamin in a powdered milk was obtained when, at 
my suggestion, in the manufacture of Protein S.M.A. 20 ¢.c. of lemon 
juice per liter of milk were added in the hope of making this mixture 
antisecorbutie. Protein S.M.A. is a powdered acid protein milk similar 
to lactic acid and casein milks, and has a Py of 4.6. This acidity was 
obtained by adding lemon juice and also lactic acid produced by con- 
trolled bacterial fermentation of the milk. 

In order to be quite certain that a powdered milk to which the anti- 
seorbutie vitamin has been added is in reality antiscorbutic, it is neces- 
sary to make observations on its antiscorbutie properties weeks, 
months and preferably years after its manufacture. Since 1924 six 
patients with infantile seurvy at the Babies and Childrens Hospital 
have been fed this material from five to twenty-three months after 
manufacture. The data obtained on these patients and those on the 
one human infant and the guinea pigs fed the powdered orange juice 
described above form the basis of this communication. 


FRESH ORANGE JUICE, SPRAY DRIED AS A CONSTITUENT OF A 
LACTOSE ORANGE JUICE MIXTURE 


In the fall of 1930 two different lots of fresh orange juice were pow- 
dered by the spray drying process. That powdered in September has 
been called Lot No. 1 and that powdered in October Lot No. 2. Lot 
No. 1 was tested for vitamin C potency both by the preventive and by 
the curative methods, whereas for Lot No. 2 the curative method only 
was employed. 

The powdered orange juice was mixed with water in a manner to 
make the solution equivalent in content of solids to the fresh orange 
juice from which it was made. For each test of powdered orange 
juice, a control group of guinea pigs was fed an identical amount of 
fresh orange juice. The diet given both groups of animals was one that 
has resulted consistently, during a most extensive experience covering 
many years, in the production of a scurvy in guinea pigs that is fatal at 
the end of three to five weeks after its institution. Both the fresh orange 
juice and the powdered orange juice solutions were fed daily to the 
animals with medicine droppers. The curves on the informative charts 
(Figs. 1, 2 and 3) represent the average weights of the three guinea 
pigs used in each group. 

Lot No. 1 was packed after drying into small tin cans, the air con- 
tent of which was not replaced by nitrogen. Lot No. 2 was placed in 
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paper bags which were closed with adhesive tape and placed together 
in a large ten-gallon milk can, the cover of which was tightly closed. 
[t remained in this environment until July, 1931, when it was re- 
packed under nitrogen in small tin cans. 

Fig. 1 shows that powdered orange juice Lot No. 1 was as effective 
as fresh orange juice in preventing and in curing scurvy fifteen 
months after its manufacture. Inasmuch as the fresh orange juice 
used in feeding the controls was from a different lot of oranges than 
that used at the time of drying, this result does not prove that Lot 
No. 1 lost none of its antiscorbutic value. However, we feel justified 
in assuming that whatever loss occurred was small, and is of no prac- 
tical significance. 

Fig. 2 shows that Lot No. 2 also retained sufficient antiscorbutic 
potency to cure the guinea pigs of their scurvy. In the first experi- 
ment, made when Lot No. 2 was one to two months old, the powdered 
orange juice was as effective as, if not even slightly more so than the 
lot of fresh orange juice used, judging from the angle of the weight 
curves. In the second experiment, made when Lot No. 2 was fifteen 
to sixteen months old, the weight curve of the guinea pigs fed the 
powdered orange juice was not quite so good as that obtained when 
Lot No. 2 was fed at the age of one to two months. This might be 
considered an indication of a slight reduction in potency. However, 
that this conclusion is not necessarily correct is shown by Fig. 3, which 
demonstrates that the curve of the guinea pigs fed fresh orange juice, 
at the time when Lot No. 2 at the age of fifteen to sixteen months was 
being fed, is practically identical with the curve produced by the lat- 
ter group of guinea pigs and nearly equally different from the curve 
produced by the scorbutie guinea pigs while being fed Lot No. 2 when 
it was one to two months old. Environmental conditions affecting the 
animals, probably better than any other factors, can be assumed to 
have been responsible for this interesting finding. 

This interpretation is given apparent corroboration by the rapid 
cure produced by feeding at practically the same time—namely, dur- 
ing January to Mareh—Lot No. 2 to a patient with very severe in- 
fantile seurvy, in doses equivalent to a total of 45 ¢.c. of fresh orange 
juice per day (Fig. 4). 

This patient, R. K. (No. 5580), was one year old when the diagnosis 
of a very severe infantile scurvy was made. He showed the most se- 
vere form of seorbutic rosary seen by us (Fig. 5). His gums were 
pathognomonic and the position of his lower extremities was charac- 
teristic. He had been suffering from a purulent otitis media for some 
time, and a double mastoidectomy had very recently been performed. 
Drainage was not ceasing and the temperature was not dropping as 
had been expected after operation. The data presented by Fig. 4 show 
the marked curative effectiveness of powdered orange juice Lot No. 2. 
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Fig. 3.—Guinea pig chart. 
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the administration of which represented the only change instituted in 
the eare of this patient. Fig. 6, presenting a photograph taken twenty- 
three days after treatment, convincingly shows the improvement in 
nutrition and in the use of his legs. Fig. 7 gives a photographie re- 
production of the roentgenograms of the femurs of this patient, taken 
just before treatment was begun. It presents the well-known changes 
so characteristic of seurvy. Figs. 8, 9, and 10 (seventeen, twenty-one, 
and thirty-nine days after therapy) beautifully demonstrate both the 





Fig. 6. 


Figs. 5 and 6.—R. K. No. 5580. 


extensiveness of the subperiosteal hemorrhages and the therapeutic 
effectiveness of Lot No. 2. It will be noticed in Fig. 10 (thirty-ninth 
day) that the organized subperiosteal hemorrhages had been reduced 
in size on the inner sides of the femurs and had disappeared entirely 
on the outer. 

At this time the supply of Lot No. 2 available for use for this infant 
was exhausted, and therefore 45 c.c. of fresh orange juice were admin- 
istered. Fig. 11 presents the photograph taken at the end of seventeen 
days of fresh orange juice administration, and Fig. 12 that taken on 


the thirty-eighth day. Figs. 11 and 12 correspond in time interval after 
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Figs. 7, 9, 11. Figs. 8, 10, 12. 


Figs. 7-12.—R. K. No. 5580. 
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the beginning of fresh orange juice therapy with Figs. 8 and 10 for the 
time interval following the giving of Lot No. 2 of powdered orange 
juice. 


FRESH LEMON JUICE, SPRAY DRIED AS A CONSTITUENT OF PROTEIN 8S.M.A. 


From 1926 to 1932 six patients with infantile seurvy were fed Pro- 
tein S.M.A. at the Babies and Childrens Hospital as the only food and 
as the only source of the antiscorbutie vitamin. Figs. 13 to 18 present 
informative charts giving diagnostic, therapeutic, symptomatic and 
prognostic data in detail. The amount of the lemon juice consumed 
as a part of the Protein S.M.A. is shown at the lower left hand corner 
of each chart. 

All of the infants with teeth (Figs. 13, 17, and 18) showed charac- 
teristically swollen, spongy, bluish red gums (see as example Fig. 19, 
patient R.S., No. 3911 [chart Fig. 17]). The others, of course, hav- 
ing no teeth, were negative in this respect. 

In each of the six infants a rosary of the bayonet type was pres- 
ent (see as examples Fig. 20, patient G. P., No. 170 [chart Fig. 13] 
and Fig. 21, patient R. B., No. 3774 [chart Fig. 16]). That these 
rosaries were scorbutic and not rachitic in nature can be accepted 
without question for five of the patients (G. P. No. 170, A. 8S. No. 774, 
A. Z. No. 2094, R. B. No. 3774, and R.S. No. 3911) for the following 
reasons (Table 1). 

(1) These patients were fed S.M.A. for many months before the 
treatment of scurvy was begun. This food in our experience has 
never failed to cure even the severest form of the regular low phos- 
phorus or low caleium types of infantile rickets. 

(2) The blood serum calcium and the inorganic phosphorus find- 
ings were essentially normal and certainly not characteristic of a 
rickets which would produce so decided a rosary. 

(3) Weekly roentgenograms, both at the time when antiscorbutic 
treatment was begun and during the period of this treatment, showed 
no evidence of rickets. 

(4) The rosaries disappeared in each instance upon the administra- 
tion of the antiseorbutie therapy instituted and without the additional 
use of the antirachitie factor beyond that already being administered 
previous to and during the development of the seurvy. (See Fig. 22, 
patient R. B., No 3774 [chart Fig. 16], showing the effect of seventy 
days of antiscorbutie therapy begun when Fig. 21 was taken.) 

All of the infants showed somewhere in the osseous system, as stud- 
ied by x-ray examination, changes that are characteristic of seurvy. 
The location of these lesions was not uniform in all eases. However, 
the lower ends of the femurs predominated as the region showing the 
most clear-cut changes. In none of the children were subperiosteal 
hemorrhages found to the extent shown in patient R. K., No. 5580 
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Fig. 18.—D. S. No. 3970. 
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(Figs. 8, 9, and 10), in whom the tendency to hemorrhage evidently 
existed to a very marked degree. 

A conclusive proof of the scorbutic nature of the pathologie condi- 
tion of the bone observed is the fact that all of the lesions improved 
and the bone sooner or later returned to normal solely upon the 
administration of the antiscorbutic vitamin in the form of Protein 
S.M.A. (see as examples Figs. 23, 24, and 25, patient A. Z., No. 2094 
[chart Fig. 15], and Figs. 26, 27, 28, and 29, patient D. S., No. 3970 
{chart Fig. 18]). 

It is relatively easy to recognize in the roentgenograms early im- 
provement of the scorbutie changes in a bone, but it is at times diffi- 





Fig. 19.—R. S. No. 3911 (chart Fig. 17). 





Fig. 20.—G. P. No. 170 (chart Fig. 13). 


cult to know when the bone, after the institution of antiscorbutic 


therapy, has reached a complete restitution to normal. McLean and 
MelIntosh”® ealled attention to this fact in their interesting contribu- 


”? 


tion on ‘‘ Healing in Infantile Scurvy as Shown by X-Ray. 

The roentgenograms of patient A. Z. show the femurs, first, at the 
beginning of Protein S.M.A. feeding (Fig. 23, taken March 1, 1928), 
second, seven days later (Fig. 24, taken March 8) at which time an 
increase in the contrast between the excessively calcified line and its 
adjoining zone of rarefaction had been produced by the treatment, 
and, third, at the time of the disappearance of the rarefied band 
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(Fig. 25, taken March 19, 1928) with an accompanying improvement 
in the bone structure, eighteen days after the feeding of Protein S.M.A. 
and three days before the addition of fresh orange juice. 

McLean and MelIntosh’®® also have called attention to this tempo- 
rary effect of antiscorbutiec treatment in augmenting the contrast be- 
tween the zone of preparatory calcification and the adjoining band 
of rarefaction. (See Fig. 24.) This contrast between the band of 
rarefaction and the excessively calcified zone of preliminary calcifi- 
cation is particularly clearly seen in Fig. 26, taken Jan. 4, 1930 (pa- 
tient D. S., No. 3970 [chart Fig. 18]). Two weeks later the band of 
rarefaction (Fraenkel’s Triimmerfeldzone) has _ practically dis- 
appeared, with an increased filling out and calcification at the lower 


Fig. 21. 


Fig. 22. 
Figs. 21 and 22.—R. B. No. 3774 (chart Fig. 16). 


end of the bone, which on the left side extends slightly underneath 
the periosteum where probably a hemorrhage had occurred (Fig. 27, 
taken Jan. 18, 1930). Ten days later (Fig. 28, taken Jan. 28) a fur- 
ther decided improvement in the direction of calcification and in 
contour formation has been made. 

This very evident improvement in the scorbutic bones of patient 
D. S., No. 3970, while coinciding with the disappearance of other 
symptoms, for instance the swollen gums, was not accompanied by 


the production of a satisfactory weight eurve nor by a normal tem- 


perature curve. After the taking of the roentgenogram shown in 
Fig. 28 (Jan. 28, 1930), 5 gm. of brewer’s yeast powder were added 
to the diet three times daily, without any effect on the weight curve, 
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for this did not rise above its previous level until fourteen days after 
the administration of the brewer’s yeast, at which time, paradoxically, 
the temperature curve as a result of intercurrent infections became 
even more abnormal. 


A very similar experience regarding the delayed return of the 


weight curve to a normal form, in the face of roentgenographic heal- 
ing of the scorbutie bones, occurred a few weeks earlier with patient 
R. S., No. 3911 (chart Fig. 17), to whose Protein S.M.A. brewer’s 
yeast was added on the thirtieth day after the beginning of therapy, 
in the hope of improving the weight curve. The failure to obtain a 
positive result at the end of a week was responsible for the addition 
of 5 ¢c.c. of fresh orange juice daily to the Protein S.M.A. and pow- 





Fig. 23. ig. 24. Fig. 25. 

Figs. 23-25.—A. Z. No. 2094 (chart Fig. 15). Fig. 23, taken March 1, 1928. Fig. 
24, taken March 8, 1928. Fig. 25, taken March 19, 1928. 

dered yeast. While the weight curve rose thereafter, it did so in an 
erratic and unconvincing manner from the standpoint of assuming 
that the antiscorbutie content of the Protein S.M.A. was inadequate. 
The previously described course of patient D. 8., No. 3970 (chart 
Fig. 18), to whose Protein S.M.A. only yeast was added and no or- 
ange juice, clearly emphasizes the correctness of this interpretation, 
inasmuch as the weight curve of this patient was just as good as, if 
not a little better than, that of patient R. S., No. 3911, even after the 
addition of the fresh orange juice. Both patients were fed from the 
same lot of Protein S.M.A. 

Intereurrent infections, some patent and some occult, in all prob- 
ability are responsible for the development of this picture in scorbu- 
tic infants even though liberal quantities of the antiscorbutic vitamin 
have been administered and even though specifically scorbutic symp- 
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toms disappear. (See Fig. 15, A. Z., No. 2094.) McLean and 
MelIntosh,’® who gave to all of their patients the large dose of 90 c.c. 
of fresh orange juice daily, have seen patients suffering from infec- 
tions remain stationary in weight for weeks. 

Such observations indicate that, while the conclusions of the au- 
thors (Aron,"' Nassau and Singer,’* Abels,’* and Stern™) who have 
pointed out that dystrophy and dysergy which develop during the 
so-called latent stage of scurvy are responsible for the development 
of infections in scorbutie infants, are correct, there apparently are 
infections of another pathogenesis which develop and continue to per- 
sist in secorbutic infants even though the basis for the existence of 
the specifically scorbutie dystrophy and dysergy has been removed 
by the administration of the antiscorbutic vitamin in adequate and 








Fig. 2 


Figs. 26 and 27.—D. S. No. 3970 (chart Fig. 18). Fig. 26, taken Jan. 4, 1930. Fig. 
27, taken Jan. 18, 19390. : 


very liberal doses during a sufficiently long period. McLean and 
MelIntosh also refer to such eases in their contribution. 

This is the principal reason, in our opinion, why the weight curves 
of all of the six scorbutie infants fed Protein 8.M.A. did not respond 
with a rather immediate and continuous upturn, as did patients R. B., 
No. 3774 (chart Fig. 16) and G. P., No. 170 (chart Fig. 13). Another 
factor, however, can be accepted as also having played a role in bring- 
ing about this result ; namely, the age and weight of the infants at the 
time the antiscorbutie therapy was instituted. It will be seen that 
the infants presenting the best weight curves after the institution of 
Protein S.M.A. feeding were relatively more underweight for their 
ages than were those whose weight curves did not do so well. 

[t is clear from careful recapitulation of the data presented by the 
graphic charts and by the roentgenograms that enough of the anti- 
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scorbutic power of the 20 ¢.c. of lemon juice added to each liter of 
Protein S.M.A. at the time of manufacture remained to make it ade- 
quately antiscorbutic, even though periods of from five to twenty-three 
months had elapsed since its manufacture. What might be called the 
best result was obtained with the Protein S.M.A. used for patient 


Fig. 


Fig. 29. 
Figs. 28 and 29.—D. S. No. 3970 (chart Fig. 18). Fig. 28, taken Jan, 28, 1930. Fig. 29, 
taken March 1, 1930. 
G. P., No. 170 (chart Fig. 13), which was fifteen months old at the 
time of feeding. The oldest Protein 8.M.A., twenty-three months of 
age, was fed to patient A. Z., No. 2094 (chart Fig. 15) and, while not 
so effective, did as well so far as the weight curve is concerned as did 
the subsequent additional daily administration of 60 ¢.c. of fresh or- 
ange juice, a finding which clearly does not warrant the conclusion 
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that the Protein 8.M.A. had lost its antiscorbutie power. As a mat- 
ter of fact, the healing of the bones as demonstrated by the roent- 
genograms shows that the Protein S.M.A. did retain antiscorbutie 


potency. 

That the antiscorbutie potency of Protein S.M.A. is retained to a 
satisfactory degree can be accepted from the difference in experience 
obtained with it and with regular S.M.A. in the feeding of infants. 
We have never had a patient brought to us with seurvy who had been 
fed Protein S.M.A., whereas infants fed regular S.M.A. have been 
admitted ill with seurvy. This difference undoubtedly is due to the 
difference in the content of the antisecorbutie vitamin in the two milks. 


CONCLUSIONS 


1. Fresh orange juice, spray dried as a constituent of a lactose or- 
ange juice mixture, was found to retain its antiscorbutic potency in a 
practically undiminished degree for at least fifteen months after its 
manufacture, 

This conclusion was reached upon the basis of observations made 
on groups of scorbutie guinea pigs and on one very severe case of 
infantile seurvy. 

The scorbutic guinea pigs were cured by the daily administration 
of an amount of the spray-dried orange juice equivalent to 3 c.c. of 
fresh orange juice, and the human infant by the giving of a daily dose 
equal to 45 ¢.c. of fresh orange juice. 

2. Fresh lemon juice, spray dried as a constituent of Protein 8.M.A., 
an acid protein milk to which are added at the time of manufacture 
20 e.c. of lemon juice per liter, possessed, five to twenty-three months 
after its manufacture, antiscorbutie potency adequate to cure scurvy 
in six scorbutie infants, as judged clinically and roentgenologically. 

The weight curves in the two infants who were decidedly under- 
weight for their respective ages responded with an immediate, de- 
cided, and continuous upturn, whereas the weight curves of the four 
remaining infants who were not so much underweight did not so 
respond, even though the clinical and roentgenological symptoms of 
scurvy had disappeared. In two of these four infants additional ad- 
ministration of the antiscorbutie vitamin in the form of fresh orange 
juice did not alter the weight curve results at the time. Infections 
that were present in these infants on a nonscorbutic basis were ac- 
cepted as the principal cause for the irregular weight curves produced. 

The six infants received daily in the form of Protein S.M.A., which 
was taken as the infants’ sole source of food and of vitamin C, at dif- 
ferent periods the equivalent of 9 to 24 ¢.c. of lemon juice. 

The lots of Protein S.M.A. used were made at different periods be- 
tween the years 1924 to 1930. 
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3. No ease of scurvy in infants fed Protein S.M.A. has so far come 
to our attention. This finding further indicates that Protein S.M.A. is 
adequately antiscorbutie. 
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DIPHTHERIA IMMUNIZATION WITH CONCENTRATED 
TOXOID INTRADERMALLY 


ALTON GoLpBLoom, M.D., F.R.C. P. (C), anp Davin L. Kuety, M.D., 
D.P.H. 
MONTREAL, CANADA 


HE interval between the administration of the last dose of diph- 

theria toxoid and the development of immunity is approximately 
three months. It is true that many children are immune before this 
time’ and also that a number are not immune at the end of this period, 
as has been amply demonstrated by Schick tests.2 We have, in this 
work, attempted to find a means of more rapid active immunization 
against diphtheria. We have tried to profit by the suggestions of 
Stewart and Rhoads,* and by the subsequent work of Brodie and Gold- 
bloom,* where the superiority of the intradermal over the subcutaneous 
route in immunization against poliomyelitis was shown. The use of 
Lowenstein’s ointment® ° and Schick with his intradermal B.C.G." have 
also demonstrated the efficacy of the dermal route in the production of 
immunity. We therefore determined to test the value of concentrated 
diphtheria toxoid administered intradermally. The intradermal route 
has previously been attempted by Gorter and Huinink* and Rohmer 
and Levy® who used toxin-antitoxin mixtures, and also by Opitz’® who 
used toxin dilutions as well. Through the interest and cooperation of 
Doctors Fitzgerald and Fraser of the Connaught Laboratories of the 
University of Toronto, we have been supplied with concentrated toxoid 
prepared by precipitation with acetic acid in the cold. This concentrate 
was of such strength that 0.2 ¢.c. was the equivalent of 1 ¢.c. of ordinary 
toxoid as supplied for general use. 

A preliminary group of twelve children, all Schick positive, was 
chosen, and injected intradermally, nine with 0.1 ¢.c. and three with 
0.2 ¢.c. of this special toxoid. Four of these became Schick negative 
within six weeks, and one became Schick negative at the end of three 
months. Four remained Schick positive. Titrations of the antitoxin 
content of the blood were made in four of this group of twelve children. 
One child (M.S.), who received only 0.1 ¢.c. of concentrated diphtheria 
toxoid intradermally and who became Schick negative within a week, 
showed three months later a blood antitoxin content of more than %; 
unit per eubie centimeter of blood, which is above the immunity level. 
Another child (H.M.), who became immune at the end of six weeks, 
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showed also more than %; unit at the end of two months. One other 
child, immunized in two months, showed more than 49 unit. One child 
not immunized showed, four months after the injections, less than 45 
unit per cubic centimeter of blood. The ages of these children varied 
between one and one-half and sixteen years, and seemed to bear no 
relation to their antigen-forming capabilities. The details of this first 
experiment are shown in Table I. 


TABLE I 
ie ars EPA Poe = BLOOD 
NAME | AGE DOSES REACTION | POST. SCHICK | INTERVAL |, WmoxINn 
M.S 6 years 1 3x 4.6 em. Negative 7 days <Mo > 
H. H. 18 months 1 1.6x1 em. Negative 6 weeks 
H. M. 13 years 1 17x2 cm, Negative 6 weeks <M > Ys 
R. O. 11 years 1 _— Negative 6 weeks 
A.StJ. [11 years 1 None Negative 6 weeks 
J.8. 9 years 2 1.5 x 2.5 em. Negative 12 weeks 
J. Y. 10 years 1 Very severe Negative 5 days 
C. C. 16 years 1 1x1 em. Positive 1 week 
W. H. 7 years 1 None Positive 3 months 
J.L. 5 years 2 None Positive 4 months | <0 
A. W. 414 years 2 1 em. Positive 3 months 
L.P.A. \10 years 1 8x4 cm. Negative 2 months | <4 >'M%o 


Twelve Schick positive children, 0.1 ¢.c. concentrated toxoid intradermally, dose 
repeated in 3 children when first post. Schick was found positive. 

This preliminary experin:-nt demonstrated to us that rapid active im- 
munization against diphtheria was possible. We therefore selected an- 
other group of five older children, all Schick positive, and gave these 
children 0.2 ¢.c. intradermally of the concentrate (Table II) in a single 
dose. Four of these children became Schick negative, one at the end 


TABLE II 


NAME AGE DOSES| REACTION chal INTERVAL anee® , REMARKS 
SCHICK ANTITOXIN 
R. M. 8 years 1 |T. 104 Neg. 7 days Before <VYoo 
13 x5 em. After >Vo 
desquamated 
L. L. 9 years 2 (2.5x2.5 em./Ist pos. 3 weeks <2 >1 2nd dose 
2nd neg. gave severe 
reaction 5x6 
em, Schick 
neg. 7 days 
after 2nd 
dose. 
A. B. 13 years 1 4x8 cm. Neg. 15 days >1 
T. 103.2 
S. R. 15 years 1 |3.5x4 em./Neg. 2 weeks >i 
severe local 
J. T. 7 years 1 3x3  em.'| Neg. 2 weeks >1 
papule 
Five Schick positive children given 0.2 c.c. concentrated toxoid intradermally. 
One received a second dose when first post. Schick was positive. All immunized. 


of seven days and three at the end of fourteen days. One child (L. L.), 
who was Schick positive at the end of two weeks, was given a second 
intradermal dose of 0.2 ¢.c., and one week later showed a negative 
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Schick reaction. One boy (R. M.), who became Schick negative at the 
end of seven days, had a severe local and general reaction with tempera- 
ture 104° and local erythema 13x 5 em. Fourteen days after injection, 
his biood showed an antitoxin content greater than 4%» unit per cubic 
centimeter. The other four children all showed a titer of more than one 
unit per eubie centimeter. We relied on repeated Schick tests to tell 
us which children were immune and upon the estimation of the anti- 
toxin content of the blood to tell us how much immunity they had de- 
veloped.* 

That the Schick test itself, frequently repeated, may be a means of 
producing an antigenic reaction should be almost self-evident.’ ™ ** ™ 
The Sehick test is done by the intradermal injection of a small quantity 
of diluted but otherwise unchanged diphtheria toxin, and, in susceptible 
eases, this quantity is sufficient to produce a local inflammatory reaction 
which in itself is evidence of antigenic activity. We found, for instance, 
that by repeating the Schick test in one Schick positive child at inter- 
vals of several days, the fourth Schick was negative, and the blood 
showed a titer above the immunity level. In two other children so 
treated, the eleventh Schick was still positive in one and the twelfth 
in the other. Thus, in three children given repeated Schicks, definite 
immunity was produced in one. Fraser, in a private communication, 
has stated that the mere giving of the Schick test can act as a primary 
stimulus. It was evident, therefore, that in order to test accurately 
the antigenic powers of the intradermal method with concentrated tox- 
oid, the Sehick test must be replaced by a method which itself is not 
antigenic. For this reason we discarded anterior and posterior Schick 
tests in some of this work, and determined the state of immunity of the 
children, before and after inoculation, by means of directly estimating 
the antitoxin titer of the blood serum. 

We selected a group of ten susceptible children (Table III) as de- 
termined by antitoxin titers. Six of these received a single dose of 
0.2 ec. of the concentrate intradermally. Four of these showed anti- 
toxin contents above the immunity level, one as early as two weeks 
after injection (M. O.), two in one month, and one in two months. Two 
remained nonimmune. Four children, all showing less than 459 units 
of antitoxin per cubie centimeter of blood, received two doses of 0.2 c.c. 
each, one week intervening. All showed titers above the immunity level, 
one at the end of eleven days, two at the end of three weeks, and one 
at the end of twenty-five days. One child given 0.4 ¢.c. of the con- 
eentrate intradermally in a single dose (the equivalent of 2 ec. of 
ordinary toxoid) showed immunity at the end of one month. 


*The first series of antitoxin titers was made by Dr. Donald Fraser at the Con- 
naught Laboratories in Toronto. The other estimates were made in the Laboratory 
of the Children’s Memorial Hospital in Montreal by one of us (D. L. K.). 
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There is apparently some relationship between sensitivity to toxoid 
and the rate of the antigenie reaction. Individuals highly sensitive to 
toxoid (i.e., sensitive to the protein of the diphtheria bacillus toxin) are 
easily and rapidly immunized,” those little or not sensitive to toxoid 
are more difficult to immunize. Forty-seven cases studied were divided 
into four groups, according to the severity of the reaction after the 


TABLE IIT 


DOSES REAC- REAC- 


NAME AGE Pn a 0.2 | TION 1ST | TION 2ND Pose ol INTERVAL 
C.C. DOSE DOSE 
em, em, 
G.P. | 214 years|<I4o99 >Y%oo| 1 0.3 >'%o | 2 months 
P.R 8 years! <VUro 1 1.8x1.5 > | 1 month 
M.C. | 8  years|<Uso 1 |03 > | 1 month 
M.O 814 years |<%45 >\450 1 |35x4 >Wo | 2 weeks 
A.W. |11  years|<Y%o >Yoo 1 0.3 <I%o | 2 months 
J.Me. | 7 years|<U%o >Voo 1 2 <¥M% | 1 month 
J.G. | 7 years|<\VUs5o 2 2x3 5x4 <5 >Mo |25 days 
Je 71% years |<VUso 2 0.3 7x4 >, |11 days 
A.C. 9 years|<VYso 2 0.3 3x4 >I | 3 weeks 
J.8.G.| 9  years|<VU59 2 2x3 3x7 | <5 > | 3 weeks 


Second dose given one week after first dose. 


administration of intradermal toxoid concentrate (Table IV). Those 
who had strong local and general reactions, three in number, were all 
rapidly immunized after a single dose given intradermally, as were 
twelve children who had strong local but no general reactions. Nine- 
teen children gave weak local reactions, and of these only 57.8 per cent 
(i.e., 11) were immunized, while of thirteen children giving no local 
or general reactions, only one was immunized (7.6 per cent). 


TABLE IV 


ree OF BRACTION lee . sng | NO. IMMUN- INIZE 
TYPE OF REACTION NO. OF CASES IMMUNIZED 


IZED 
Strong local and strong general reaction 3 3 100 % 
Strong local reaction 12 12 100 % 
Weak local reaction 19 1] 57.8% 
No reaction 13 1 7.6% 





Another point observed in this work is one that has already been 
recognized by others, namely, that individuals with a moderately high 
titer--near, but below the immunity level—are very readily immunized,® 
while those having extremely low titers are very difficult and sometimes 
impossible to bring up to the level of immunity. The same condition 
has, of course, been observed in the production of antitoxin in horses. 
Not all of them react in the same way in producing antitoxin. Some 
are very good antitoxin producers, and others less so.1° In this same 
connection, once a child has passed the immunity level, it is quite easy to 
raise the antitoxin content of the blood to a very high titer’’ by one 
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or two intracutaneous doses of toxoid. Thus a child showing % unit 
per cubic centimeter of blood was readily raised to 2 units by a single 
dose. 

This work has been but the beginning of a somewhat different ap- 
proach to the subject of diphtheria immunization in children. It is an 
attempt to develop a rapid method for active immunization, and the 
work done so far seems to point to the necessity of larger doses, and the 
importance of the production of sensitivity to toxoid in order to obtain 
good results. It is along these lines that the work is now proceeding. 
So far we have shown that under favorable conditions it is possible to 
immunize some children rapidly with a single or at most two doses of 
concentrated diphtheria toxoid, when given intradermally, and that the 
degree and rate of immunization probably: depend upon the sensitive- 
ness of the individual to toxoid. 
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MYELOPHTHISIS 


Harry M. GREENWALD, M.D. 
BROOKLYN, N. Y. 


~~ TIMES it is impossible, from clinical and even from hematologic 
examination, to differentiate between agranulocytosis, aplastic 
anemia, and some severe forms of thrombocytopenic purpura. The 
fever, the ulcerative and necrotic stomatitis or pharyngitis, the granu- 
lopenia, the rapid and fatal course characteristic of agranulocytosis, 
have all been observed in cases of aplastic anemia. Severe cases of 
thrombocytopenic purpura have been reported which presented clini- 
cal and hematologic findings that could easily lead one to make a 
diagnosis of aplastic anemia; similarly, it is not unlikely that aplastic 
anemia may be mistaken for thrombocytopenic purpura, particularly 
in the early stages. 

In a recent article on aplastic anemia‘ it was pointed out that there 
may be some relationship between these three diseases on the basis of 
bone marrow changes. This idea first suggested itself to me after I 
had the opportunity of studying the bone marrow in two fatal cases 
of hemorrhagic purpura, and in one ease of aplastic anemia. Oppor- 
tunity has not been afforded me of studying the bone marrow in 
agranulocytosis, and therefore a description of bone marrow changes 
in a case of granulopenia in a child five years old, which was recently 
published by Kato and Vorwald,? will be cited. 

Changes in the circulating blood elements, as determined by the 
usual methods, are in reality indications of disturbances of the hemo- 
poietic system in the great majority of cases, if not in all: i.e., diseases 
of the blood itself do not actually exist ; changes may and do occur, but 
these changes are merely evidence that some disease or disturbance of 
the hemopoietic system exists. It is obvious therefore that the general 
term under which agranulocytosis, thrombocytopenic purpura, and 
aplastic anemia are described as ‘‘ diseases of the blood’’ is a misnomer, 
and that a clearer conception of these diseases would undoubtedly be 
obtained if they were described on the basis of bone marrow changes. 
Dameshek* stated in a recent article that, since the blood platelets are 
derived from the megakaryocytes of the bone marrow, they should give, 
in association with the study of the number of reticulocytes and neu- 
trophiles, a complete index as to the activity of the bone marrow. In 
this paper the relationship of thrombocytopenic purpura, agranulo- 
cytosis, and aplastic anemia will be discussed from the point of view 
of bone marrow changes. 
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ESSENTIAL THROMBOCYTOPENIC PURPURA 

Case 1.—D. J., a female, was born at full term and normally delivered. Several 
hours after birth petechiae were observed on the skin and on the mucous membranes 
of the mouth; meconium containing some blood was passed. The capillary resistance 
test was strongly positive. Examination of the blood revealed the following: The 
bleeding time was twenty-eight minutes; the coagulation time, four minutes; there 
was no retraction of the clot at the end of twenty-four hours; the platelets num- 
bered 18,000; there were 4,000,000 red cells and 12,000 white cells; the hemoglobin 
Otherwise the examination was negative. The infant was 


(Sahli) was 95 per cent. 
given 75 c.c. of whole blood intravenously; this was followed by a cessation of the 


bleeding from the intestinal tract and a gradual disappearance of the petechiae. 
Examination of the blood on the tenth day of life, the day of the infant’s dis- 














Fig. 1.—Case 2. Photomicrograph of the bone marrow, high power: The bone mar- 
row is fairly cellular; the majority of cells consist of myelocytes, among which eosino- 


philes are unusually numerous. 


charge from the hospital, showed no marked changes from the initial findings. The 
child appeared well; no petechiae were present, but the capillary resistance test was 
still strongly positive. Unfortunately no detailed examination of the blood of the 


parents was made. The subsequent course of this patient’s history is unknown. 
Case 2.—The patient was a newborn male infant who, on the seventh day of 
life, manifested a purpurie eruption on the face, arms, and trunk, and on the lower 
extremities. The eruption was bright red, and varied in size from that of a pin- 
head to that of a pea. There were also hemorrhages on the buccal mucous mem- 
Blood was oozing from the circumcised area which had not healed entirely, 


branes. 
Otherwise physical examination 


and from the rectum. The spleen was not palpable. 
was negative. Only one examination of the blood was made because the child died 
one and one-half hours after it was first seen. The blood report was as follows: 
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red cells, 6,100,000; hemoglobin (Sahli), 22 per cent; white cells, 12,000; with 
57 per cent polymorphonuclear leucocytes, 41 per cent lymphocytes, 1 per cent myelo- 
eytes, and 1 per cent transitionals; the coagulation time was thirty-five minutes, and 
the bleeding time five minutes. There was no retraction of the clot at the end of 
twenty-four hours. Only 30,000 platelets were present; the capillary resistance 
test was strongly positive; the Wassermann test was negative. 

Necropsy revealed the following: The spleen was medium-sized, firm and dark 
red; the liver was somewhat erlarged and firm, and, on section, had the appearance 
of nutmeg; the heart was large, particularly in its transverse diameter; the left 
ventricle was a mere appendage to the right side of the heart; the left auricle com- 
municated freely with the right auricle. 

Histologie description of the bone marrow: The bone marrow was fairly cellular 
with areas of excessive cellularity in which spaces between the bone trabeculae were 
densely jammed; the large sinuses were engorged; there were also many red cells 
in the meshes of the marrow; the majority of the cells consisted of myelocytes among 
which the eosinophiles were unusually numerous; mast cells were also fairly 
common. Among the reticulum cells there were some which stood out because of 
their unusually large size; however, they did not show any evidences of excessive 
phagocytosis. Other cells included mature polymorphonuclear leucocytes, lympho 
cytes, normoblasts, and cells more embryonal in type, which may be classed as 
myeloblasts or hemocytoblasts. Megakaryocytes were extremely scant and com- 
paratively small. This applied particularly to the nuclei which were conspicuously 
hyperchromatic. Some of these cells had an oval or bean-shaped nucleus which was 
different from that of the ordinary megakaryocyte. The cytoplasm of some of the 
cells was scant, but in others fairly well developed; it stained plain blue and was 


devoid of the granules usually characteristic of the mature megakaryocyte. 


Case 3.—D. N., a girl two years old, was brought to me on Oct. 6, 1931, because 
of subcutaneous hemorrhages over the entire body, and because of spontaneous 
bleeding from the mucous membranes of the mouth and nose. The mother stated 
that the purpuriec spots first appeared when the child was three months old, and 
that at various intervals hemorrhages from the tonsils and from the nose occurred; 
on one occasion there had been bleeding from the ear. Otherwise the past history 
was negative and unessential. Physical examination revealed purpuric spots on the 
lower part of the abdomen and on the lower extremities. The liver and spleen were 
not palpable. There was some oozing of blood from the left ear and from the right 
tonsil; the capillary resistance test was strongly positive. Hematologic examination 
at this time revealed a red cell count of 3,800,000; the platelets were 70,000; hem- 
oglobin (Sahli), 62 per cent; bleeding time, twenty minutes; coagulation time, four 
minutes. Whole blood, 50 ¢.c., from the mother was injected intramuscularly. In 
tramuscular injections of blood, in varying amounts, were given from time to time. 
For a while improvement in the child was noticed. On January 11, 1932, the child 
again developed severe bleeding from the nose and from the tonsils. Whole blood, 
40 ¢.c., from the father was injected intramuscularly, but with no apparent effect 
on the bleeding. Hospitalization was advised. 

The child was admitted to the Israel Zion Hospital of Brooklyn on Feb. 1, 
1932. From Feb. 1 to Feb. 18 four transfusions were given at various intervals, 
in amounts ranging from 200 to 250 ¢.c. of whole blood. At no time did the child 
show any improvement. It may be seen from Table I that the platelets were 
always markedly reduced, that the bleeding time was always prolonged, and that at 
no time was there any clot retraction. 

On Feb. 14 active bleeding from the lips and gums was present, and an effusion 
in the right knee joint was noticed; examination of the eyegrounds revealed retinal 
hemorrhages and blurred discs. A transfusion of 200 ¢.c. of whole blood was given 
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on the same day. On the next day papilledema was definitely present, and a diag- 
nosis of cerebral hemorrhage was made. Splenectomy was therefore advised. A 
preliminary transfusion was given and the spleen was removed; the child stood the 
operation well. Ten minutes after the operation the bleeding time was two and 
one-half minutes, but the platelet count was still only 17,000. The child continued 
to show evidences of active bleeding, large tarry stools were passed, retinal hemor- 
rhages were even more marked than previously, and there was active bleeding from 
the mucous membranes of the mouth and from the abdominal wound. On the day 
after operation the bleeding time was increased to thirty-two minutes, and the 
platelet count to 30,000. On Feb. 20, forty-eight hours after operation, the child 
was again given a transfusion; on this day the platelets were 10,000, the bleeding 
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time was forty minutes, and there was no clot retraction. On Feb. 24, the day of 
death, the child was practically exsanguinated. Drowsiness and clouding of the sen- 
sorium were present from Feb. 14 until the day of death. 

The necropsy report was as follows: The body was that of a white girl, poorly 
developed and poorly nourished, with marked pallor of the skin and of the mucous 
membranes. There was a surgical incision in the side, closed with sutures. There 
was a large collection of clotted blood underneath the dura mater in the occipital 
region. Both lungs were free and contained air throughout; they were pale, with 
the exception of the posterior portion of the left lower lobe, which was slightly 
bluish-red and somewhat firm to the touch. The heart was of average size and well 
contracted. The valves were thin and smooth. Both leaflets of the diaphragm were 
dark red. Incision revealed a diffuse infiltration of blood within the muscle tissue 
underneath the peritoneal covering. 
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There was a large amount of clotted blood in the abdominal cavity covering the 
surface of the intestines. The muscles of the abdominal wall showed simiiar dark 
red patches of bloody infiltration as in the diaphragm. The spleen was absent. The 
stomach contained a large amount of dark red mucous material, and the mucosa 
was dark brown. The liver was medium-sized and pale grayish in color. The.cut 
surfaces showed no traces of the ordinary acinous structure. The kidneys were of 
medium size, firm, and yellowish-gray in color. 

Pathologie diagnosis: Splenectomy for thrombocytopenic purpura; diffuse intra- 
muscular, intraperitoneal, subdural, and gastric hemorrhages. Anemia. 

Histologic report: Bone marrow—the medulla was loose and fairly cellular; 
many myeloid cells were present, but no megakaryocytes were visible. 





- 


Rec ke le 








Fig. 2.—Case 3. Photomicrograph of the bone marrow, high power: The medulla 


- oeee and fairly cellular; many myeloid cells are present; no megakaryocytes are 
sible 

In a discussion of essential thrombocytopenia there are many points 
of importance, among which is the question of whether there is a con- 
genital form of thrombocytopenic purpura. In the last few years a 
number of cases have been reported in which newborn infants showed 
evidence of this disease immediately after birth: (Leschke,’ Liebling,* 
Waltner,’ Rushmore,* Guttfreund,® Dohrn,’® Greenwald and Sher- 
man*) and Case 1 in this paper. The mothers of six of these patients 
also suffered from the disease. In view of this fact it is likely that 
there is a congenital or hereditary factor in some of the cases of 
essential thrombocytopenia. This view is substantiated by the histo- 
logie findings of the bone marrow in Case 2 and in Guttfreund’s case. 





GREENWALD: MYELOPHTHISIS 12% 


Guttfreund’s patient showed hemorrhages of the skin at birth, and 
on the second day of life vomited blood. Hematologic examination 
revealed no platelets, a bleeding time of forty minutes, no retraction 
of the clot, and a coagulation time of six minutes. Examination of the 
mother’s blood showed 32,000 thrombocytes. The infant continued 
to bleed from time to time in spite of repeated transfusions, and died 
at the age of four months. At necrospy the bone marrow showed 
many fat cells, but no megakaryocytes. Although the disease may 
be congenital, active manifestations may appear only at intervals of 
weeks, months, or even years. 

One of the most distinctive features in purpura hemorrhagica is 
the change in the quality and quantity of the platelets. Four possi- 
bilities have been mentioned to account for the reduction in platelets. 
The first is the destruction of areas in the bone marrow concerned 
with the production of megakaryocytes as a result of myeloid hyper- 
plasia; this is probably a mechanism for the reduction of platelets in 
leucemia and need not be considered in this discussion. The second 
possibility is the failure of production of megakaryocytes because of 
bone marrow deficiency with the resulting disappearance or marked 
diminution of the platelets; changes in the morphology of the mega- 


karyocytes, as for example, the absence of the azure granules, prob- 
ably account for the change in the quality of the platelets. The third 


possibility is the excessive destruction of platelets in the spleen. The 
fourth is that the spleen produces a hormone or some toxie substance 
which depresses bone marrow function and has a selective action on 
the megakaryocytes. (See Frank,'' Kretz,'? Hirschfeld,’* Klemperer," 
all quoted by Briihl."’) 

At first glance it would seem that the question of whether there is 
a deficient production or an increased destruction of platelets could 
have been decided by careful studies of the bone marrow and of the 
spleen. In reviewing the literature, however, it is remarkable to ob- 
serve how few studies of the bone marrow have been made, in spite 
of the fact that a large number of cases of essential thrombocytopenia 
have been reported. Studies of the bone marrow have been made by 
Lautier, Oberling and Worringer,’® Forster,’ Frank,'' Kaznelson,'* 
and Wiener.'® All the authors mentioned found large numbers of 
megakaryocytes except Lautier, Oberling and Worringer, who found 
an absence of megakaryocytes in a boy five years old who died one 
week after splenectomy—a case similar to Case 3. Stern and Hart- 
man,”° however, found definite morphologic changes in the megakar- 
yocytes on sternal puncture, particularly an absence of azure granules. 
In two of the cases here presented examination of the bone marrow 
showed no megakaryocytes in one, and only few megakaryocytes with 
morphologic changes in the other. In neither of these cases was there 
any evidence of excessive destruction of platelets in the spleen. While 





124 THE JOURNAL OF PEDIATRICS 


it is difficult to draw definite conclusions from three or four cases, it 
is not illogical to assume that the thrombocytopenia in some cases of 
purpura hemorrhagica is based on a deficiency of the bone marrow 
which may well be congenital. 

Kaznelson** recommended splenectomy for the cure of essential 
thrombocytopenic purpura because of his belief that the thrombo- 
eytopenia is due to a primary hyperfunction of the spleen with an 
increased destruction of the platelets. Since then many reports have 
appeared substantiating the excellent results obtained by Kaznelson 
with splenectomy. Occasionally, however, cases have been reported 
that did not respond to splenectomy, for example, McLean et al.,”* 
Kasdoba,” Lautier, Oberling and Worringer,’® Blumfield,”* Jones and 
Tocantins,** Case 3 in this paper. In studying these reports one is 
impressed by the fact that the failure with splenectomy occurs in 
very young children. Piney** has divided the results of splenectomy 
into three groups: The first is that in which there is a rapid and per- 
sistent rise in the platelet count to normal figures; the second is that 
in which there is a rise after operation, but a drop later; and the third 
is that in which there is no increase in the platelet count, such as 
occurred in Case 3. This substantiates the belief that has lately be- 
come prevalent that the platelet count alone should not be used as an 
indication for the removal of the spleen. 

In view of the foregoing, is it not possible that each of the three 
opinions may be correct at one time or the other, namely, first that 
there is a deficient production of platelets because of a congenital 
inferiority or insufficiency of the bone marrow; second, that there is 
an inereased destruction of platelets in the spleen; and third, that 
the spleen inhibits the production of platelets. In other words, it is 
not improbable that there are two types of thrombocytopenic purpura. 
The first occurs in infants who are born with a deficient bone marrow, 
which in itself is not enough perhaps to produce active manifestations 
of the disease, and that some toxic or unknown agent, which has no 
effect in a child with normal bone marrow, produces the typical pic- 
ture of purpura hemorrhagica. The patients belonging to this group 
will not respond to splenectomy. In the second type the bone marrow 
funetions normally, i.e., a normal number of megakaryocytes of good 
quality is produced, but the platelets are destroyed in the spleen it- 
self, or, as Frank" believes, the function of the bone marrow which 
was previously normal, becomes depressed or inhibited by some hor- 
mone or toxic substance produced by the spleen. It is in the patients 
of this group that the brilliant results from splenectomy are obtained. 

In both groups the toxie agent which is the exciting factor prob- 
ably has a destructive action at the same time on the capillary walls 
producing increased permeability which is mainly responsible for the 
spontaneous bleeding. This view probably explains the findings of 
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many observers that there is no relationship between the severity of 


the disease and the platelet count. As a matter of fact, it is Briihl’s* 
opinion that the most important factor in the production of active 
bleeding in purpura hemorrhagica is the increased permeability of the 
capillaries. This opinion was also expressed by Jones and Tocantins** 
who stated that capillary hyperpermeability or capillary weakness is 
essential for the production of hemorrhagic phenomena which may 
appear if this condition is present alone, or if both capillary hyper- 
permeability and platelet deficiency are found. On the other hand, 
Lescher and Hubble*® stated that the relative importance and the 
possible interaction of platelet and capillary in the production of 
hemorrhages are not fully settled. They point to the fact that in- 
creased capillary permeability cannot be the primary cause of hemor- 
rhage, since such blood disorders as aplastic anemia, in which there 
is simply a bone marrow deficiency with diminished production of the 
blood elements, show no suggestion of capillary affection. Finally, it 
is suggested that bone marrow punctures be made in cases of throm- 
bocytopenie purpura to determine the presence or absence of mega- 
karyocytes. 


AGRANULOCYTOSIS OR GRANULOPENIA 


Agranulocytosis is uncommon in childhood. Recently Kato and 
Vorwald? reported the case of a female white child, five years of age, 
who appeared acutely ill and moderately emaciated when first seen. 
The posterior pharyngeal wall had some small ulcers surrounded by a 
dirty exudate; ulcers of the mucous membranes were also present on 
the cheeks and under the tongue; the cervical glands were not en- 
larged. Otherwise physical examination was negative except for the 
presence of a pneumonie process over the left lobe posteriorly. The 
child was under observation from May 30, 1931, until death, which 
occurred on June 2, 1931. The most characteristic abnormality was 
the blood picture which showed a leucopenia ranging from 550 to 
900 white cells. Only on the day of admission were granulocytes seen. 
The differential count on this day was: Neutrophilic leucocytes, 1.6 per 
cent; eosinophiles, 0; basophiles, 0.8 per cent; myelocytes, 0.8 per 
cent ; lymphocytes, 96 per cent. On the two subsequent days of the 
child’s stay in the hospital no granulocytes were observed. Erythro- 
eytes ranged in number from 3,250,000 to 3,750,000. The hemoglobin 
(Newcomer) content was 51 to 56 per cent. The platelets were 170,000. 

These authors differentiated essential agranulocytosis from symp- 
tomatic agranulocytosis and stated that, while the former is rare, 
only five cases having been reported up to the time their report was 
published, the latter is common. The bone marrow in their patient 
showed but slight activity; all the elements found were mainly hemo- 
cytoblasts ; the mature myelocytic elements were scanty ; occasionally 
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a promyelocyte was found, but myelocytes, mature basophilic, eosino- 
philic, and neutrophilic leucocytes were almost entirely absent. Mega- 


karyoeytes were fairly numerous. 

Kastien*’ stated that the symptomatic type, in which evidences of 
a severe infective process are usually found, is due to a peculiar spe- 
cifie reaction of the bone marrow to a toxic agent. Harkins*® also 
divides the cases into two groups, as follows: 

1. Primary granulopenia 
2. Secondary granulopenia, due to 
a. Chemical poisonings 
b. Radiation 
ce. Sepsis 
d. Blood diseases—aleucemic leucemia, aplastic anemia. 
He concludes his classification, however, with the statement that it 
is possible that eventually all cases will be considered secondary. 

Recently Weiss and Goldbloom®® described a symptom complex 
somewhat similar to that described by others as agranulocytosis, which 
they termed dysplastic granulocytemia. It is characterized by a pri- 
mary involvement of the granulopoietic system with the resultant 
production and distribution of imperfectly constructed neutrophiles. 

The points that are still open to question, as far as classification 
and etiology are concerned, are: First, is granulopenia a primary 
disease due to an unknown virus or to a toxie agent associated with 
the Benzene ring (Kracke*’) with specific affinity for the myeloid 
system; or second, is it a syndrome which may occur in the course of 
any septic process when toxins attack the bone marrow, the result- 
ing symptoms depending on the duration and the intensity of the 
toxic agent; or third, is there some endogenic factor, for example 
congenital weakness of the bone marrow, at fault and would a toxie 
agent which produces no effect on the myeloid system in a normal in- 
dividual produce granulopenia with all its severe manifestations in an 
individual with a congenital deficiency of the marrow? The fact that 
some patients present a previous history of leucopenia, as was recently 
reported by Harkins,*' would speak for the last viewpoint. 

The points that are well established and that should be emphasized 
are: First, that the decrease in the granulocytes in the blood is due 
not to excessive destruction in the circulation but to deficient produc- 
tion in the bone marrow; body defense is lowered because of the 
marked decrease or absence of leucocytes in the circulation, which 
fact accounts for all other manifestations including the necrotic 
lesions of the mucous membranes. Histologic examination of the bone 
marrow at necropsy or examination of the bone marrow during life 
(Kastien*’) shows quite regularly a cell-poor marrow with practically 
no granulocytes. This is true of both groups of eases. Fitz-Hugh and 
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Krumbhaar,*? however, reported one case of agranulocytosis with 
myeloid cell hyperplasia in the bone marrow. 

In other words, regardless of whether the disease is primary or not, 
or whether an infective process can be demonstrated or not, the dis- 
ease or syndrome does not occur unless a deficiency of the bone mar- 
row is present. Whether this deficiency is based on a congenital, weak 
myelopoietic system or not is a problem which does not lend itself to 
solution at the present time. It is obvious therefore that the terms 
‘‘oranulopenia,’’ ‘‘agranulocytosis,’’ or ‘‘granulocytic angina’’ are 
misnomers, and that each term describes but a single phase of the 


disease. 
APLASTIC ANEMIA 


It is now generally conceded that aplastic anemia is a disease sui 
generis and is not a biologie variation of some form of primary or sec- 
ondary anemia. The disease is characterized by its rapidly and pro- 
gressively fatal course; in no true case has the patient been known 
to recover. The two outstanding features of the disease are the severe 
anemia and the hemorrhagic diathesis which manifests itself by hemop- 
tysis, epistaxis, and purpurie eruptions. The blood picture is of 
course the main point of clinical diagnosis. There is a marked de- 
crease in the hemoglobin content with a diminution of the red cells to 
a million or less; the hemoglobin is reduced to 10 or 15 per cent; the 
color index is approximately 1; nucleated red cells, reticulocytes, and 


polychromatic erythrocytes are absent; there is a decided leucopenia 
with a reduction of the neutrophilic leucocytes, and an almost com- 
plete absence of eosinophiles. Thrombocytopenia is constant and is a 


feature of the disease. 

There are two types of aplastic anemia: first, the primary or essen- 
tial; and second, the symptomatic. In this paper only primary or 
idiopathic aplastic anemia is discussed. The most generally accepted 
explanation is that the disease is due to a primary lesion of the bone 
marrow. Frank" expressed the opinion that the disease results from 
a primary aplasia of marrow by some unexplained toxie action on the 
marrow itself, and that there is a simultaneous disappearance of eryth- 
rocytes, granulocytes, and platelets. This theory explains his pref- 
erence for the term ‘‘panmyelophthisis.”’ 

Hirsehfeld,** Pappenheim,** Tiirk,** and Nageli*® are of the opinion 
that aplastic anemia results from a congenital or acquired deficiency 
and that any sort of infection or intoxication produces the symptoms 
characteristic of the disease. The following case’ briefly cited here 
bears out this opinion to some extent. The disease appeared to be 
initiated by the advent of an upper respiratory infection and aggra- 
vated by one dose of toxin-antitoxin. 
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REPORT 


8. B., a girl of Jewish extraction, was born at full term and normally delivered. 
She was well until sixteen months of age, when she had an attack of tonsillitis. On 
Feb. 9, 1932, immediately following the attack, the mother noticed that the child 
looked pale and, on the advice of her family physician, sent the child to a hospital 
where it was found that the hemoglobin content of the blood was 31 per cent. A 
transfusion was given, and the child was discharged several days later as improved. 
The child was apparently in good health until May 15 when an injection of toxin- 
antitoxin was given. This was almost immediately followed by an elevation of 
temperature to 102° F., and the arm, at the site of the injection, became red and 
swollen. The mother noticed a change in the color of the patient and said that the 
skin was a muddy brown. The child was then readmitted to the hospital for treat- 

















Fig. 3.—Photomicrograph of the bone marrow; high power: The meshes of the 
reticulum degenerating red cells, one megakaryocyte, and a few other cells, mostly 
lymphocytes. 
ment and another transfusion was given. The general condition, however, became 
worse and, against the advice of her physician, the patient was removed to her 
home. At this time, June 5, I was asked to see the child. Examination revealed 
a sick child whose sensorium was clear, but who was apathetic. The skin had a 
dirty brown appearance, but the lips and finger nails were almost white. The con- 
junctiva and the mucous membranes of the mouth appeared bloodless; an ulceration 
of the pillar of the left tonsil which bled rather freely was present. Petechiae were 
present over the flexor surfaces of both arms; the capillary resistance test was strongly 
positive. Examination of the blood showed the following: red cells, 750,000; hemo- 
globin (Sahli), 10 per cent; white blood cells, 22,000, of which there were 8 per 
cent polymorphonuclear leucocytes, 80 per cent lymphocytes, and 12 per cent lympho- 
blasts. The platelets numbered 25,000; there was one reticulocyte in 2,000 red 
cells; the bleeding time was ten minutes, and the coagulation time four minutes. 
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The patient was given 200 ¢.c. of whole blood intravenously on several occasions. 
She was fed fresh bone marrow, first by gavage and later by mouth. Temporary 
improvement occurred so that there was a distinct remission in the disease which 
lasted about two months. On Sept. 7 the patient was readmitted to the Israel 
Zion Hospital of Brooklyn in a moribund state. In addition to the evidences of a 
severe anemia there were signs of consolidation of the lower lobe of the left lung. 
On the following day the child had a convulsion which lasted fifteen minutes; this 
was followed by coma which persisted until death on the same day. 

Examination of the blood on the day before death, Sept. 7, showed the follow- 
ing: red cells, 1,700,000; hemoglobin (Sahli), 30 per cent; leucocytes, 6,000 with 
1 per cent polymorphonuelear leucocytes, 89 per cent lymphocytes, and 10 per cent 
lymphoblasts. There were 26,000 platelets, and 1 reticulocyte in 1,000 red cells. 

A complete necropsy was performed, but only the bone marrow findings will be 
cited here. The bone marrow in the sternum was dark red, and when the bone was 
cut, much blood oozed out; the marrow of the tibia was abundant, dark red, and 
quite firm. Histologic examination: The marrow in the long bones, as well as in the 
ribs, showed enormous congestion with red cells, while between the vessels edema 
was prevalent. In addition to the endothelial cells lining the blood vessels only scanty 
cells were present, most of which were polymorphonuclear leucocytes. There were 
also occasionally large cells of the size of megakaryocytes with one single oval or 
irregularly shaped nucleus. Many of the polymorphonuclear cells seemed to be 
degenerating. There were also a few reticulum cells with normally shaped nuclei. 
Myelocytes were found in places, but they were much less numerous than the poly- 


morphonuclear cells. 

The most constant and striking pathologic change in aplastic anemia 
is a fatty yellow appearance of the bone marrow. The presence of a 
red bone marrow, however, should not lead one to diseard the diag- 


nosis of aplastic anemia until careful histologic study has been made. 


In this patient, while the bone marrow appeared red on gross exami- 
nation, microscopic examination revealed that this color was due to 
hemorrhage and that there was an almost complete absence of cellular 
elements. 

That an acute infection may be the starting point of the disease has 
been observed by several authors: (Smith,** Greenwald'). It seems, 
however, that some other factor must be concerned in the pathogenesis 
of primary aplastic anemia or many more cases would oceur. It is 
not unlikely that a congenital inferiority of the bone marrow is pres- 
ent from birth, and that an infection or a toxic substance which in a 
normal person would produce only mild and temporary changes in the 
bone marrow, is sufficient to bring about the severe, permanent, and 
more or less widespread changes characteristic of aplastic anemia. 
Changes in the blood picture pointing to an insufficiency of the bone 
marrow have been found in other members of a family in which the 
disease occurred. (Bickel.**) 

Thus it is evident that definite bone marrow changes are present in 
these three diseases and that deficient production of one or of the 
other or of all the blood elements normally produced by the marrow 
is encountered. Lescher and Hubble*®® suggested that each element 
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has its appropriate regulator; but the fact that intermediate cases 
occur makes it equally certain that the regulatory factors are not 
rigidly selected for only one element. They believe that the deficiency 
in the bone marrow oceurs because of a deficiency in the controlling 
factor. This point of view is purely hypothetical, as is the point of 
view expressed in this paper, that aplastic anemia, agranulocytosis, 
and some forms of thrombocytopenic purpura occur primarily because 
of a congenital defect of the bone marrow. Further investigation may 
reveal the accuracy or fallacy of one or of the other or of both of these 
hypotheses. So too, the question as to whether these three conditions 
are distinet and separate diseases or whether they are closely related 
and are possibly variants from an identical origin does not bear discus- 
sion because of our limited knowledge. A fact that is not hypothetical 
and that is worthy of emphasis is that the three diseases resemble one 
another in the clinical and blood pictures, and particularly in the bone 
marrow changes. 

The difficulty that arises in classifying diseases when the nomencla- 
ture is based only on one sign or on one symptom may be seen from 
the following: Bigler and Brennemann,* in their report of a series 
of cases of agranulocytosis, included a number that were unquestion- 
ably cases of symptomatic aplastic anemia. In six cases there was a 
simultaneous and gradual reduction of red cells, platelets, and granu- 
loeytes. Indeed the authors stated that their cases seemed to coincide 
in clinical course and in blood picture with the group classified as 
aplastic anemia, but the fact that the bone marrow was red instead 
of yellow caused them to abandon the diagnosis of aplastic anemia. 
The error of such a conelusion has been pointed out by several authors: 
(Baar and Stransky,*® Greenwald,’ and Lindquist*’). That Bigler and 
Brennemann were cognizant of the fact that the present classification 
leaves much to be desired and that there may be some relationship 
between the diseases may be seen from their conclusion in which they 
stated: ‘‘From a study of our cases and of the literature it seems that 
there is no one etiologic agent that can produce the condition de- 
eribed here, but that any one of several by their action may produce 
a similar condition, varying as to clinical picture and to blood picture 
according to the part of the hemopoietic system affected, the erythro- 
eytie and granulocytic, the lymphatic or thrombocytic.’’ 

Whether each bone marrow element has a special regulator, as 
Lescher and Hubble*® believe, or whether one or several etiologic 
agents operate to produce these diseases, the fact remains that a 
nomenclature based on pathologie changes is certainly more desirable 
than one based on a single sign or symptom. It seems to me that the 
term ‘‘panmyelophthisis’’ for aplastic anemia, as Frank™ originally 
suggested, and the terms ‘‘granulophthisis’’ and ‘‘thrombophthisis’’ 
for agranulocytosis and thrombocytopenic purpura respectively, as 
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Lescher and Hubble*® suggested, are to be preferred to the present 
terms. It is also suggested that the term ‘‘thrombolytic purpura,”’ 
first employed by Kaznelson, be adopted for the cases of thrombo- 
eytopeniec purpura in which the reduction of platelets is due to an 
increased destruction by the spleen. For the differentiation of these 
two types of purpura, bone marrow puncture, as suggested before, is 


necessary. 
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FETAL AND NEONATAL MORTALITY 


Cuirrorp G. GRULEE, M.D. 
CuicaGco, IL. 


HIS age-old subject has been discussed and argued over until it 

is worn threadbare and yet it seems to me that there is still some- 
thing to be said about it. During the last few years and especially 
since the White House Conference, there has been a renewed interest 
in the newly born infant, and in attempts to reduce neonatal deaths. 
It is therefore, perhaps not untimely to consider again the question 
of mortality before and just after birth. With the experience which 
we have had within the past two deeades in the reduction of mortal- 
ity in infants past this age, we are likely to think that the approach 
to the problem in the newborn and fetus will be just as easy and the 
results to be obtained will be just as striking. Perhaps no method 
of approach to this subject is better than that of a consideration of 
the causes of our failures in those periods of existence. Certainly we 
must confess that we approach the subject of reduction of mortality 
at this stage of development with much less knowledge of disease and 
of life processes than that which we possess for the older infant, no 
matter how inadequate that may be. 

Inheritable factors in the wide sense of the term have much to 
do with disease as we see it in adults and in children. Certain condi- 
tions and certain differences can only be accounted for on this basis. 
Why, for instance, two children growing up under practically iden- 
tical conditions should differ as to hemoglobin content in their blood 
is one of the things which can only be accounted for. by presupposing 
a fundamental and inherited difference in the iron metabolism of the 
two individuals. That this factor plays a very definite réle in the 
mortality of the fetus and newly born child has received comparatively 
secant recognition. That this réle may be of varying degree is a thing 
which has searcely been considered. Let us attack this problem then 
from two standpoints. First, the inherent inheritable factor and sec- 
ond, noninheritable factors which have to do with disease and trauma. 
We must always remember that to draw a sharp line between the 
two is impossible. Inherited predispositions will invariably have an 
effect upon disease and to a certain extent upon trauma. Disease and 
trauma may, on the other hand, be determining factors too, when in- 
herited taint plays a predominant role. A statement of Streeter in a 
recent monograph sums up these ideas. 

“It is now well known that eggs, and by eggs I refer to fertilized 
ova, are not all of equal quality. In pigs and in man it is estimated 
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that as many as 25 per cent of them are not good enough to be born 
as living individuals. The failures are found in the uterus arrested 
in various stages of development in proportion to the degree of their 
poor quality. In man such specimens make up a large part of the 
material that the physician encounters in miscarriages. Nor is the 
importance of quality limited to uterine life. Whether the infant 
survives its first year—and in fact a large number of them fail to do 
this—depends in considerable part on the original quality of the egg. 
If they withstand the usual experiences of life until between 50 and 
60 years and then succumb to its aggregate wear and tear, they con- 
form to the actuary’s ‘expectation of life at birth’ and to the embry- 
ologist’s expectation to the performance of an egg of average quality. 
It is only the extraordinarily good egg that is still going strong at 
80 years, and we see him (or her) do this in the absence of any ex- 
quisite hygienic régime or environmental favor.’’ 

Let us approach this subject from the standpoint first, of fetal 
deaths and then of neonatal deaths. In a recent article by Gillespie,’ 
the cause of death in 338 cases of stillbirth is discussed and I am re- 
peating here the table (Table I) which is contained in that article. 
So far as I know, this is the most recent attempt to discuss this sub- 
ject and while there may be many others, there is no particular ad- 
vantage in a large mass of statistics. Slight variations, of course, 
may be expected, but the main causes of fetal deaths remain very 
much the same and for the purpose of this paper, we are not so much 
interested in minor changes as we are in large groupings. 

If we divide the groups under the two headings mentioned above, 
we shall find that under the first heading, or the inherited factors, the 
following will unquestionably come: 


Prematurity 54 eases 15.97% 
Malformation 37 cases 10.94% 
Fetus Papyraceous 1 case 0.29% 
Oligohydramnios 1 case 0.29% 
Intrauterine deaths (macerated) 54 cases 15.97% 


This makes a total of 147 deaths (43.46 per cent). 
Those belonging to the second category may be mentioned as— 


Syphilis 18 cases 5.32% 
Prolapse of the cord 9 cases 2.66% 
Trauma at birth 101 eases 29.88% 
Difficult labor 2 eases 0.59% 
Asphyxia 1 case 0.29% 
Meningitis 1 ease 0.29% 


This makes a total of 132 deaths or 39.03 per cent. In other words, 
the conditions which are frankly to be classed in the inheritable 
causes are greater than those which are to be classed in the non- 
inheritable causes. Of the total number of 338 cases of death, in 13 


the cause was undetermined. This leaves a balance of 46 which were 
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due to the following causes: toxemia of pregnancy, placenta previa, 
abruptio placentae and vaginal bleeding. It is extremely difficult to 
place these 46 cases in either category, but in all four of them, there 
is likely to be an inherited factor. 

Let us take up these items singly and see in the present state of our 
knowledge which are likely to respond to preventive measures, First, 
prematurity. In the analysis of the causes of premature birth it is 
demonstrated that in a large proportion of cases the cause of the pre- 
maturity is unknown. In a certain small proportion syphilis is to 
blame. This varies in different statistics but nearly every one will 
agree that in most communities it offers but a small percentage of 
eases of premature birth and therefore is not a large factor. Syphi- 
lis, however, is capable of treatment and presents the most hopeful 
prospect with which we have to deal in the reduction of fetal and neo- 
natal mortality. Trauma occasionally has been regarded as a factor 
in prematurity, but there seems to be some question as to whether in 
those cases it is the single factor. Certainly the same trauma does 
not produce the same results in two individuals. In other words, 
trauma may be the exciting cause, but there may be also an inherited 
predisposition to prematurity which results in the birth of the child 
before term from very slight trauma. Disease in the mother is a fac- 
tor in production of prematurity. For instance during the epidemic 
of influenza in 1918, abortion was the rule in women who were preg- 
nant at the time of infection, and it is a well-known fact that other 
infections may be the cause of abortion. Not only infections but gen- 
eral diseases such as nephritis, severe heart disease, severe diabetes, 
exophthalmie goiter, ete., may play a réle. But, even after we have 
taken into consideration all these causes, it still remains true that the 
vast majority of cases of prematurity are from causes unknown. In 
all probability, this group represents some defect in the egg and is 
the result of some aberration in mating, the nature of which, or the 
natures of which, we do not know. There need be no discussion of 
the second group, that of malformations. These are recognized as a 
disturbance of inheritance and therefore come definitely within this 
group. The same may be said of fetus papyraceous, oligohydramnios 
and likewise of intrauterine death (macerated fetus). 

When we take up the group which has to deal frankly with the 
second eategory syphilis is mentioned first. There is no question but 
that if syphilitic mothers be properly treated during pregnancy, the 
majority of infants will be born at term and viable. This group which 
constitutes about 5 per cent of the cases in Gillespie’s table can in 
large part be saved. The second item, prolapse and compression of 
the cord, is a serious complication of labor as a rule, though each may 
possibly be overcome by obstetrical procedures. The third item, 
trauma at birth, I shall take up more extensively in the discussion of 
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neonatal deaths, but I should like to say at this point that I am not 
at all sure but that a large proportion of these deaths is to be blamed 
on causes which in the present state of our knowledge are not pre- 
ventable. Difficult labor and asphyxia are hardly to be conceived of 
as preventable. As to meningitis, it is possible, though not probable, 
that this too might be avoided. When I use the word preventable, I 
do not mean to infer that under usual circumstances many of these 
things could be prevented, but rather that under ideal circumstances 
such a thing is possible. When we come to the third group, there is 
some hesitancy on my part to discuss it. A deeper knowledge of ob- 
stetrics than I possess would be necessary to discuss intelligently the 
changes in this group. It seems altogether likely that the time will 
come when toxemia of pregnancy will be eliminated as a factor in 
fetal deaths. At least, there has been great advance in the treatment 
of this condition in the last deeade. It should always be borne in 
mind, however, that the fetus itself may be to a certain extent respon- 
sible for this complication of pregnancy. Placenta previa will prob- 
ably for a long time to come account for a certain number of deaths 
in spite of all our advances in obstetrics, and the same may be said of 
abruptio placentae. | do not see how we ean expect to influence cases 
which have gone past maturity by anything which we know at pres- 
ent. As for the cases of vaginal bleeding, we may feel that there is 
some hope for solving the difficulty. 

If we now take the entire list and remember that this is an estimate, 
and that nothing exact is claimed for it, we would be justified in stat- 
ing that under ideal conditions, we would be able to save the eighteen 
eases of syphilis and possibly fifteen cases of death from toxemia of 
pregnancy. We might save six of the cases of placenta previa; prob- 
ably none of the cases of abruptio placentae, and to be liberal, we 


shall say five of the cases of prolapse and decompression of the cord; 
not over one-fourth, or fourteen cases of prematurity; four cases of 
vaginal bleeding and two eases of difficult labor; the one case of 
asphyxia and the one case of meningitis. I have purposely left out 
of this caleulation the 101 cases which were due to trauma. Sub- 
tracting 101 cases, 237 cases are left, of which, with liberal estimate, we 
‘an hope to save, in the present state of our knowledge, 66, or ap- 


proximately one-fourth. 

We are somewhat more familiar with conditions affecting the new- 
born than we are of those affecting the fetus, but our knowledge is 
not so great that we ean be satisfied with it. We ean divide the 
causes of death rather definitely into four categories: congenital de- 
fects, birth injuries, infections, and diseases peculiar to the newborn. 
Any causes of death other than these are so unusual as not to affect 
materially our discussion of the subject. Congenital defects of the 
bony structures, or of the extremities and soft parts, are in them- 
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selves as a rule not incompatible with life; the congenital defects 
which affect the vital organs of the body frequently are. Nearly all 
those conditions affecting the brain, such as anencephaly, hydroceph- 
alus, hernia cerebri are fatal in a short time. Congenital brain de- 
fects may not be fatal, but the condition is such that the individual is 
as a rule of no value to society. Defects in the gastrointestinal tract 
are frequently incompatible with life such, for instance, as esophageal 
atresia, duodenal atresia, congenital absence or atresia of the bile 
ducts and anal atresia. Some of the minor congenital defects, such 
as Meckel’s diverticulum, may go undiagnosed causing no symptoms 
throughout a long life. Congenital defects of the lungs, especially 
congenital atelectasis, are often incompatible with life. Some of the 
other congenital conditions, such as congenital cyst of one lung, may 
exist for some time without causing death of the individual. Defects 
of the heart of a congenital nature are frequently the cause of death 
at this age, but it is surprising how defective a heart may be and the 
individual still survive. I know of no statistics that will tell us what 
proportion of cases of congenital heart disease succumbs in the first 
few days of life. The genitourinary defects are rarely incompatible 
with life at this age. Frequently they will respond to surgical treat- 
ment. It is very evident that a largé proportion of the congenital 
defects is necessarily fatal in the first few days of life even if the 
child be born alive. 

As to birth injuries: Those of chief importance are the intra- 
cranial injuries which will be taken up later, together with intra- 
cranial injuries which cause death of the fetus. The other birth in- 


juries are usually of minor importance, or associated with those of 
the brain. Occasionally rupture of the liver or hemorrhage into the 
suprarenal capsule may be the cause of death, but these conditions 


are essentially unusual. 

For our purpose, it is of no special value to go into the question of 
infections. Certainly infections that occur immediately after birth 
should be prevented. Occasionally it is difficult to prevent infections, 
such as meningitis, but there is very little excuse for the generalized 
infections of a septic nature which occur as a result of lack of proper 
asepsis or antisepsis at the time of birth. 

When we come to the question of diseases peculiar to the newborn, 
an analysis is very enlightening. In almost none of them have we 
any adequate idea of etiology. Hemorrhagic disease of the newborn 
from the etiologic standpoint is still an enigma. Those cases of icterus 
gravis which are not associated with infection are likewise of un- 
known cause. Idiopathic anemias and generalized edema have so 
far not been associated with any definite etiologic factor. Winckel’s 
and Buhl’s diseases are probably associated with infection. At any 
rate they are so unusual as to be of little importance in a consideration 
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of the causes of neonatal deaths. Conditions which cause death in 
children of later age, such as, bronchopneumonia, nutritional dis- 
turbances, ete., are not usual at this time, and may be left out of our 
ealeulation. If we look over this list, we find that there is a fair pro- 
portion of these children which we can reasonably expect to save even 
with our present limited knowledge. Even the cases of congenital 
defects are not hopeless with respect to life. In many instances op- 
erative procedures, while extremely hazardous may at times prove 
life-saving. Those conditions which affect the brain, however, are 
nearly always fatal or worse. 

There is very little reason why we should lose any large propor- 
tion of newborn infants from infections. It is true that occasionally 


TABLE IT 


Causes or Deatn During First FourTeEEN Days (HOLT AND BABBITT)2 
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a skin infection of the nature of pemphigus neonatorum will be fatal 
since as yet, we have not learned how to prevent the occurrence of 
this condition. Taken by and large this group of cases should be 
eliminated from the list of fatalities of this age. 

In regard to the children with diseases peculiar to the newborn, 
we are in a distinctly bad position. On the other hand, while we do 
not know the eause of hemorrhagic disease of the newborn, we do 
know a method of treatment—blood transfusion—which in the vast 
majority of cases will produce a cure if given at the proper time. Of 
the children with severe forms of icterus of an infectious nature as 
yet our knowledge is incomplete. It has been hinted that this condi- 
tion is due to a disturbance of the hematopoietic organs and that 
splenectomy may be of value. This remains for future study. The 
other conditions are rare. 

Holt and Babbitt,? Table II, have recorded the cause of death of 
291 infants in the first fourteen days of life. If we arrange these ac- 
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cording to the four groups we find from the accompanying table that 


in the first group we may include 


Congenital weakness 143 cases 

Atelectasis 25 cases 

Maiformations 2 cases 
making a total of 180 cases, or over 60 per cent of the total. In the 
second group are those due to trauma. We may include accidents 
of labor or 33 cases. This leaves 78 in which in 8 the cause was 
undetermined leaving 70 to be divided between the other two groups. 
Of these the following may be classed in the group of infections— 

Congenital syphilis 13 

Sepsis 9 

Pneumonia 28 
making a total of 50. For the diseases occurring in the first few days 
of life, the following may be included— 

Hemorrhage 


Asphyxia 
Accidental deaths 


20 


In my experience, the figure for pneumonia is quite high, but the 
general statement holds true here as in our estimate. 

In the first group it is difficult to see how any could have been 
saved. Perhaps under ideal circumstances a few of the cases of con- 
genital weakness might have been, but when we consider that these 
children were all born in the hospital, we may be sure that every 
means was used to save them that the most intelligent supervision 
could devise. It is true that these statistics are somewhat old having 
been brought out in 1915, but conditions, I am sorry to say, have not 
materially changed since that time. As to the accidents of labor, or 
trauma, the figure is very low. Thirty-three, or less than 10 per cent, 
is a much lower figure than is given in most reports as the percentage 
of deaths from injuries. 

Adair® in his statistics of deaths of full-term children gives a per- 
centage of 39.7 as due to birth trauma, and of those children which 
were viable at the beginning of labor, a death rate of 41.8 per cent. 
It should be noted that the statistics of Adair were of general obstet- 
rical practice, largely outside the hospital, and they did not repre- 
sent obstetrics carried on by experts. Certainly this figure of Holt 
and Babbitt would represent the absolute minimum of deaths from 
injury. 

As to the third group, sepsis, pneumonia and congenital syphilis, 
these should be prevented, and under our present régime the last cer- 
tainly would be taken care of to a large extent. We would expect to 
do away entirely with deaths from congenital syphilis with proper 
prenatal care. The third group represents conditions which are very 
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hard to deal with. Of these, hemorrhage in the newborn will respond 
to treatment as a rule, but it is altogether likely that this group of 
ten cases could not even under ideal conditions be better than halved. 
Deaths from asphyxia under the conditions of these cases will prob- 
ably not be reduced. Accidental deaths of course are things which 
may be guarded against, but in the nature of things there will always 
be a few, and this number of less than 0.5 per cent we can searcely 
expect to reduce. If we again sum up the situation so far we find 
that in Group I of 180 cases, we probably would not be able to save 
more than 30 at the outside. Group 11—33—we could probably not 
reduce. Group II1]—50—the figure for sepsis could probably not be 
reduced, but that for congenital syphilis could be almost entirely 
erased. Pneumonia might be slightly reduced, leaving perhaps thirty 
cases in this group which we could not expect to save. Group 1V—20 
—we might be able to reduce by five. Of the 291 cases, 8 were un- 
determined leaving a total of 283 to be reckoned with. Thus by our 
present count under ideal conditions, we could not expect to save 
more than 55 or about 18 per cent. 

I should like at this point to introduce a table (Table IIL) of the 
results obtained in the Presbyterian Hospital obstetric out-patient 
department (Chicago) in the years 1921 to 1932 inclusive. This is an 
out-patient department conducted for teaching at Rush Medical Col- 
lege, the labors being attended by students. All normal labors are 
taken care of in the home; pathologic ones so far as possible are taken 
to the Presbyterian Hospital. We see from this table that the num- 
ber of stillbirths exceeded that of neonatal deaths by 60. The out- 
standing difference between the causes of death in this series and that 
of Gillespie is that in this series nearly the entire group can be clas- 
sified as due to inherited causes of one kind or another. Only 2 eases 
of congenital syphilis and one of intracranial hemorrhage out of 


226 would not fall in this category. I might say that practically all 


of these diagnoses were made at autopsy, so that there was very little 
guess-work as to the cause of death. As to the neonatal deaths, they 
conform very closely to those of Holt and Babbitt, so that we will 
not discuss these further at this time. 

Let us now consider the question of intracranial hemorrhage as a 
cause of death at this period of existence. If we compare the statis- 
tics of Holt and Babbitt with those of Adair, we find in the former 
that in full-term children accidents of labor account for 32, or approxi- 
mately 10 per cent (Presbyterian Hospital 20 or 12 per cent), while 
in the statistics of Adair the figure is 31 per cent. This difference of 
21 per cent is a very great difference. Three times as many infants 
born under the conditions which were represented in Adair’s report 
died, as compared with the infants born in the Sloane Maternity Hos- 
pital of New York City and the Presbyterian out-patient service in 
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Chieago. To evaluate this discrepancy is very hard. At first glance, 
it would seem that this difference was due to a difference in the type 
of obstetrics employed in the two situations, On the other hand, 
while we must admit that there is probably some reason for this con- 
clusion, or rather that it in part accounts for the difference, we must 
remember that there is a vast amount of racial difference between 
the populations of New York and Chicago and the population of 
Minnesota. Whether or not this plays a part in these statistics, it is 
impossible to say, but there can be very little doubt but that good 
obstetries did play a part. 

It is impossible to tell from the statistics of Gillespie what propor- 
tion of the deaths from birth trauma was the result of interference 
with birth, and how much was the result of the natural processes of 
For the consideration of our subject, this is the important 
If the processes of labor are responsible for intracranial hem- 


labor. 
point. 
orrhage of the newborn (which accounts for the vast majority of 
fatal birth trauma), then our efforts to reduce the mortality from this 
cause are likely to be largely futile. If, on the other hand, the cause 
of intracranial hemorrhage is to be carried back in the majority of 
instances to obstetric interference, it will be possible for us to attack 
this problem with some prospect of success. 

A more careful analysis of the causes of fetal deaths brings out the 
fact that most of them are to be accounted for on the basis of pre- 
maturity and that a large proportion of these cases born in the nor- 
mal process of labor cannot be attributed to interference by the phy- 
It is also true that in full-term infants born by Cesarean 
precipitate labor it is not unusual to have intracranial 


sician. 
section or 
hemorrhage, and even in the normal process of labor, children with 
large heads may occasionally be victims of the same condition. It 
has been my impression in the study of this subject that while we 
may be able to reduce this group materially by less interference at 
the time of labor, there still would be a very large proportion of cases 
where this will not be possible. Among these may be grouped the 
cases of intracranial hemorrhage which occur in spontaneous labors, 
Cesarean sections, and precipitate labors. Again we must expect that 
if we delay the interference too long in many eases there is likely to 
be hemorrhage simply from the exaggerated efforts of the uterine 
musculature. Like so many things in medicine, the ultimate result 
depends not upon dogmatie rules but upon judgment, and we cannot 
expect to have perfect judgment exercised in every case of labor. 
If we are able, therefore, to reduce the number of cases of intra- 
cranial hemorrhage in the newborn by one-third, it would seem to 
me that that would be as much as we could expect. 
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SUMMARY 


When we sum up this estimate as to the prospects of saving the 
newly born infant and the child not yet born, we find that the pros- 
peets are not so bright as we could wish. Statistics of other coun- 
tries are misleading because of different methods of compilation, and 
we are only interested in them in an academic way. What we wish 
to know is what chances have we of reducing this mortality under 
present and future conditions. Under present conditions our chief 
hope lies in the reduction of the cases of deaths from congenital 
syphilis, reduction of cases of sepsis and of birth trauma. The large 
group of cases of malformation, congenital debility and allied condi- 
tions offer very little hope. We must not be carried away with en- 
thusiasm to the point where we may expect a result comparable to 
that which has been brought about in the reduction of infant mor- 
tality in general. This is the most remarkable life-saving activity 
that has taken place at any time since the introduction of smallpox 
vaccination. The problem was much more clear and the chances of 
suecess much greater when this effort was started than is true at the 
present time with respect to the fetus and the newly born. But the 
position is not quite so dark as these statements would seem to indi- 
cate. Medical science is advancing rapidly and we, as yet, have 
accomplished little or nothing in the study of these conditions. A 
closer study may develop some very unexpected leads. It is not im- 
possible that we may find that nutrition does play a part in congenital 
debility. We may be able to grasp the causes of some of the fatal 
conditions in the newly born infant and it may be that with a better 
understanding of eugenics we will be able to prevent some of the con- 
genital malformations and conditions which at the present time have 
proved so fatal. This program, however, is not a program of months 
but of years and probably of decades; and those who interest them- 
selves in this life-saving venture must realize the problems ahead of 
them and the chances for success. 
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RENAL CHANGES IN THE RABBIT RESULTING FROM INTRA- 
VENOUS INJECTION OF HYPERTONIC SOLUTION 
OF SUCROSE 


Henry F. Hetmuowz, M.D. 
ROCHESTER, MINNESOTA 


N A SERIES of experiments on rabbits in which hypertonic solu- 

tion of sucrose was used to produce maximal diuresis, marked 
cytologic changes were observed in the convoluted tubules of animals 
that were killed twenty-four hours after injection. It seemed 
worth while to determine the mode of development of these cytologic 
changes, and to attempt to correlate them with the possible functional 
changes of the kidneys. If, in spite of the histologic changes, the fune- 
tional changes were’ minimal, the diuretic action of intravenously in- 
jected sucrose might prove safe as well as useful therapeutically. 

Various observers? have recorded changes in the epithelium after 
injection o& hypertonic solutions of sugar. But more detailed studies 
of the histologic changes, or the effects of repeated injections on the 


renal epithelium have not been given. 
DEVELOPMENT OF LESIONS AFTER A SINGLE INJECTION 


Animals were given injections of large amount of 20 per cent sucrose 
for one hour. After intervals varying from one hour to fifteen days 
(one, three, six, twelve, twenty-four, forty-eight, ninety-six, one hun- 
dred twenty, one hundred sixty-eight, two hundred forty and three 
hundred sixty hours) the animals were killed and the changes in the 


renal structure noted (Table I). 


The swelling of the convoluted tubules began after one hour and 
reached its maximum at forty-eight hours, so that not only the cells, 


but the tubules themselves seemed larger than normal. This enlarge- 
ment of the cells persisted for about a week and then gradually sub- 
sided, so that at the end of fifteen days the cells appeared normal. In 
the early stages, the vacuolar degeneration was marked; it was of 
maximal intensity in the tubules of the ascending limb of the loop of 
Henle. In some sections a definite zone in the cortex adjacent to the 
medulla was formed by this change in the epithelium. After one hour 
the tufted edge of the epithelium was still present, but it was absent 
after three hours. After twenty-four hours, the protoplasm became 
finely granular and small in amount, so that the cells came to stain 
lightly, and after forty-eight hours, the appearance of the cells was 
that of clear cells of hypernephroma. After twenty-four to forty- 
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eight hours, the cells of the tubules were so swollen that the lumen 
was almost obliterated (Fig. 1). When a lumen was present it was 
filled with finely granular material which stained pink in sections pre- 
pared with hematoxylin and eosin. After one hour, the nuclei were 
round or oval, after three hours they appeared shrunken, and in five 
of six specimens obtained in the first forty-eight hours the nuclei 
of the tubule cells were definitely shrunken, and cellular outlines were 
rather indistinct. This nuclear change was not noted after the second 
day. After the seventh day, the swelling of the tubular epithelium 
began to subside. Ten days after injection, some enlargement of the 
tubular epithelial cells was still present and the protoplasm was still 
finely granular and faintly staining. In specimens obtained at the 











Fig. 1.—Vacuolar degeneration and swelling after twenty-four hours. 


fifteenth day, the kidney was normal. When smaller doses of sucrose 
were given, the tubules were practically normal after one week. 

In specimens obtained at one, three and six hours, there was no ma- 
terial within Bowman’s capsule. In these early stages an excess num- 
ber of eosinophilic leucocytes in the glomerular capillaries were seen; 
these were absent later. The glomerular tufts did not fill the capsule. 
After twelve hours there was less space between tuft and capsule, and 


in many cases, the space was filled with eosin-staining granular mate- 
rial. The specimens obtained at twenty-four and forty-eight hours 
resembled those obtained at twelve hours. After ninety-six hours, the 


glomeruli appeared normal. 
It should be noted that the diuresis, which reached its maximum in 
the case of an animal that excreted 150 c.c. for each kilogram of body 
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weight each hour, was sufficiently great to produce a moderate degree 
of hydronephrosis. The hydronephrosis was seen in animals killed im- 


mediately after injection. 

The changes produced by injection of 50 per cent solution of sucrose 
resembled closely those produced by 20 per cent solution, except that 
at the one- and three-hour stages, the epithelium seemed lower than 
normal, retained its tufted edge, and the vacuolar degeneration was less. 

Injection of 10 per cent sucrose produced decidedly less renal in- 
jury in the convoluted tubules; the ascending limb of the loop of 
Henle seemed most involved; but at no stage was tubular swelling so 
intense, nor was the lumen at any stage completely obliterated. 


TABLE I 


RENAL CHANGES AT VARYING INTERVALS APTER INTRAVENOUS INJECTION OF SOLUTION 
or SUCROSE 


, rw ~ 7 " wr ee 
. agus, SWELLING VACUOLAR | DETRITUS | GRANULAB SHRUNK- 
C.C., PER |OF TUBULAR) DEGEN- | IN | DETRITUS IN ° 
<q _ :- | GEN z 
mes — | ERATION | LUMEN GAMESULAR NUCLEI 
PER HOUR LIUM | SPACE 


HOURS 
RABBIT AFTER IN- 
JECTION 


1 190 + + 4 } 4 = 
3 185 + — 
6 23 

12 

24 

48 


DEVELOPMENT OF LESIONS AFTER REPEATED INJECTIONS 


Series 1.—It was evident that single injections of sucrose would be 
tolerated by the rabbit’s kidney without permanent injury, and that 
the appearance of the tissues would return to normal in from seven 
to fourteen days. It seemed advisable, therefore, to determine whether 
repeated injections, at intervals less than those necessary for com- 
plete repair, would injure the convoluted tubules and affect the func- 
tional capacities of the kidney. The first eighteen animals were given 
injections at intervals of from five to seven days and were given from 
three to eight injections. The amount of 20 per cent solution of 
sucrose injected varied from 542 ¢.c. given in eight injections to a 
rabbit weighing 1.5 kg. to 1,480 ¢.c. given in four injections to a rab- 
bit weighing 3.6 kg. The younger rabbits did not tolerate the injec- 
tions as well as the older animals. In the kidneys of animals killed 
within five days after the last injection, there were only the typical 
changes described as following the single injections in forty-eight 
hours, but the changes varied considerably in their intensity. 
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Series 2—Nothing of note was observed in the first series of animals. 
Therefore, it was decided to increase the number of injections, and a 
second series of animals received from ten to twenty-two injections at 
intervals averaging about seven days. In Table II the details of 
weight, number of injections, total amount of 20 per cent solution of 
sucrose, intervals between injections, interval between last injection 
and death of animal, and the histologic findings are given. It was 
clearly evident that even after numerous injections the epithelium dis- 
closed a remarkable power to return to normal. This was most evident 
in animals 1 and 2 which died eight days after the twelfth and tenth 
injections, respectively, and in the kidneys of which there were prac- 
tically no histologic changes. This recuperative power was exhibited 
to a slightly less degree in animal 8, which died eleven days after its 
fourteenth injection, and in which there were only slight changes in 
the renal tubules. In rabbits 5, 9 and 10, which died two or three days 
after the last injection, the changes in the convoluted tubules were 
striking. The cortex of the kidney resembled hypernephroma with 
compressed glomeruli. With the exception of rabbits 6 and 7, rabbit 
9 received the largest amount of sucrose, 1,800 ¢.c. in sixteen injec- 
tions, but there were no changes that in any way differed from those 
found in a rabbit that had been killed forty-eight hours after a single 
large injection. In its sixteenth injection it received 150 e¢.c. of 20 
per cent solution of sucrose in fifty minutes, and during that time put 
out 200 ¢.c. of urine. Ten days before its death, and forty-eight hours 
after the fourteenth injection, the output of phenolsulphonphthalein 
was 60 per cent. 

Rabbit 4 was of interest on account of rather peculiar changes seen 
at necropsy, after only fifteen injections. The entire convoluted 
tubule took an excessive amount of stain, and although the animal 
died on the day of injection, the cells of the tubules were not typically 
swollen. The nuclei were dense and deeply stained. The picture was 
different from that seen in any of the other animals. In the three 
animals which received sixteen, twenty-one, and twenty-two injec- 
tions, such changes were not seen; therefore the picture presented 
probably was not the result of repeated injection of sucrose. 

Rabbits 8 and 9 received fourteen and sixteen injections, respec- 
tively, and the changes varied with the interval of time after the last 
injection. The changes were mild in animal 8 which died eleven days 
after the final injection, and marked in animal 9, which died three 
days after the final injection. 

Rabbits 6 and 7 received the largest number of injections; rabbit 6 
received 3,025 ¢.c. in twenty-one injections and rabbit 7, 2,555 e¢.e. in 
twenty-two injections. In order to show the amount of sucrose in- 
jected the figures are given in Table III; there also are given the time 
of removal of the right kidney and of determinations of blood urea 
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and of exeretion of phenolsulphonphthalein. After nine and ten in- 
jections the output of phenoisulphonphthalein was 80 and 70 per cent. 
A week after right nephrectomy, and following the thirteenth injee- 
tion in rabbit 6, and the sixteenth injection in rabbit 7, the output of 
phenolsulphonphthalein was respectively 60 and 55 per cent. At no 
time after removal of one kidney did the animals excrete a volume 
of urine greater than the volume of sucrose injected. The general 
condition of the animals became poor and they lost weight. 

Animal 6 weighed 3.4 kg. at the beginning of the injections; one hun- 
dred eighty-two days later, twenty-four hours before it died, it weighed 
only 2.1 kg. At the time of the last injection it seemed very weak, 
and put out only 10 ¢.c. of urine while 85 ¢.c. of sucrose was injected. 
The day following this injection, the value for blood urea was 116 mg. 
for each 100 ¢.c., and the output of phenolsulphonphthalein was only 
5 per cent in two hours. The animal was so sick that it was feared it 
would not live another day, therefore it was killed. Postmortem ex- 
amination disclosed that the animal was markedly emaciated. The 
left kidney was practically normal in appearance in spite of the fact 
that a piece of it had been removed after the tenth injection; removal 
of the specimen had resulted, of course, in a small scar. The kidney 
was slightly increased in size, and was light brown. The surface was 
slightly irregular. The ureter and bladder were normal. Examina- 
tion of the other organs disclosed nothing abnormal. Three specimens 
were available for microscopic studies. The first was derived from the 
piece of the left kidney that had been removed six days after the tenth 


injection. The vacuolar degeneration of the cells of the ascending 
limb of the loop of Henle was marked, as was also that of cells from 
some parts of the convoluted tubules. Some of the convoluted tubules 


had undergone little change, in others the cells appeared markedly swol- 
len and the outlines of the cells were indistinct. Some focal nephritis was 
present. The second section, removed from the right kidney, six days 
after the thirteenth injection, differed very little from the first section. 
The degeneration and swelling of the cells of the ascending limbs of 
the loops of Henle were more marked; that of the cells of the con- 
voluted tubules, however, were, if anything, a little less marked and 
many tubules appeared normal. Some focal nephritis was present. In 
the third section taken at necropsy from the left kidney, after twenty- 
one injections there was much more focal nephritis than there was in 
the other two sections. The protoplasm of the cells of the convoluted 
tubules was finely granular and the cells were swollen so as to oc- 
clude the lumens of a few of the tubules. Most of the cells of the 
tubules were swollen relatively little. The cells of the ascending limb 
of the loop of Henle contained even less protoplasm; in some places 
the cells were greatly swollen, but in others, they were atrophic. The 
structure of the kidney otherwise was normal, and the changes, other 








150 THE JOURNAL OF PEDIATRICS 


than the focal nephritis, were not nearly so intense as in the kidneys 
of many of the other animals which received fewer injections. Mal- 
lory-Heidenhain stain did not disclose any diffuse increase of connec- 


TABLE IIT 


RESULTS IN EXPERIMENTS IN WHICH LARGEST NUMBER OF INJECTIONS OF SOLUTION 
or Sucrose Was GIVEN 


INJECTION 
OF 

SOLUTION 

OF SUCROSE) RABBIT 6*| RABBIT 7t 


SOLUTION OF SU- 
CROSE, C.C, COMMENT 


1 180 125 
2 200 115 
3 50 115 
4 100 150 
5 200 100 
6 200 150 
7 100 150 
8 150 100 
9 45 165 Rabbit 6: after ninth injection excretion of 
phenolsulphonphthalein 80 per cent 
10 150 150 Rabbit 6: small piece left kidney removed 
Rabbit 7: after tenth injection, excretion of phe- 
nolsulphonphthalein 70 per cent 
1] 95 50 
12 150 200 
13 200 25 Rabbit 6: right kidney removed 133 days after 
first injection; 7 days later blood urea 24 
mg. in each 100 ¢.c. and excretion of phe 
nolsulphonphthalein 60 per cent 
14 200 40 
15 150 50 
16 50 200 Rabbit 7: right kidney removed 138 days after 
first injection; 7 days later blood urea 27 
mg. in each 100 ¢.c. and excretion of phenol 
sulphonphthalein 65 per cent 
17 200 175 
18 200 100 
19 40 5 
90) 180 200 
2] 85 100 Rabbit 6: on day after twenty-first injection, 


blood urea 116 mg. and excretion of phenol- 
sulphonphthalein 5 per cent; animal very 
weak so killed 182 days after first injection 

29 50 Rabbit 7: seeond day after twenty-second injec- 
tion found dead; 176 days after first injection 
(animal pregnant) 


Total 2,925 9 555 





*Rabbit 6: weight 3.4 kg. Urine negative on culture and microscopically. ier 

tRabbit 7: weight 3.2 kg. Urine negative on culture and microscopically ; blood urea 
7.5 mg. in each 100 c.c. and excretion of phenolsulphonphthalein 100 per cent. 
tive tissue. Microscopic changes that would account for the high 
value for urea, and for the final low value for excretion of phenol- 
sulphonphthalein were not found. 

Animal 7 died twenty-four hours after the twenty-second injection. 
It appeared to be in good condition following the last injection of 50 
c.c. of sucrose, but was found dead the following morning, one hun- 
dred seventy-six days after the first injection. There was considerable 
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postmortem change. The right kidney was definitely enlarged and 
the tissue was opaque and grayish. On section, the cortex was defi- 
nitely increased in width. The pelvis and ureter were normal. The 
other abdominal organs were normal. There were available for histo- 
logie study, sections from the left kidney, that had been removed after 
sixteen injections, and sections from the right kidney, made at ne- 
cropsy. The sections from the left kidney disclosed relatively little 
change. The cells of the ascending limb of the loop of Henle, and 
those of the convoluted tubules, disclosed some vacuolar degeneration 
but relatively little swelling. The interval of six days seemed to have 
been sufficient to allow the cells to return to normal size. There was 
some chronic focal nephritis. The section taken at necropsy, twenty- 











Fig. 2.—Epithelial atrophy and sclerosis after twenty-two injections. 
four hours after the twenty-second injection, disclosed marked changes 
that in part might have taken place postmortem. There was marked 
degeneration and swelling of the tubules and the eells, especially 
those of the ascending limbs of the loops of Henle, appeared crowded 
together as if undergoing atrophy (Fig. 2). The line between the 
cortex and medulla was difficult to discern. There was considerable 
diffuse increase in connective tissue, especially in the lower portion 
of the cortex and upper part of the medulla. Sections stained with 
Mallory-Heidenhain stain disclosed the increase in connective tissue 
definitely ; this was especially evident when compared with a section 
from rabbit 6 stained in the same way, in which no such increase in 
connective tissue was seen. It is to be regretted that this animal was 
not found immediately after death, for it is the one animal in which 
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atrophy of the tubules and diffuse increase in connective tissue oe- 
curred. It does not seem likely that postmortem changes can account 
for this difference, for the cellular outlines were well preserved. These 
changes, which were absent in rabbit 6, may represent the more se- 
vere tubular changes that follow injection continued over even longer 
periods. 

Series 3—A third group of seven animals received a smaller num- 
ber of injections of solution of sucrose, but at shorter intervals. Ani- 
mals 1 and 2 received their injections at intervals of two days; the 
former received six injections, and the latter, eight. The other five 
animals received four injections, at intervals of three days. In all 


the animals in which tissue was available for histologic study the renal 


. ; 




















Fig. 3.—Tubular degeneration after eight injections at two-day intervals. 


changes were marked, except in animal 6 which was not killed until 
eight days after the fourth injection. The kidneys of all but the first 
two animals had been removed one week before the first injection. 
The changes found in this series of experiments were the most uni- 
formly marked, and represented the changes resulting from injury 
that was repeated before the process of healing could return the cell 
to normal. Fig. 3, picturing tissue of animal 2 after eight injections 
at intervals of two days, presents the most marked acute lesion that 
I have encountered. The swelling of the tubular epithelium was most 
marked and the lumen of most of the tubules was closed. Fig. 4 
illustrates the changes after four injections at intervals of three days. 
It represents changes almost as intense, and some calcareous deposits 
probably not related to the injections. 
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The most striking feature of this series of experiments, aside from 
the changes seen, was the marked reduction in output of phenolsul- 


phonphthalein in the five experiments in which determinations were 


made. In two of the experiments the urine was taken for only two 
hours after injection of the phenolsulphonphthalein, in the other three, 
for four hours (Table IV). The cutput in the five experiments was 
extremely low: 5 per cent in three cases, 3 per cent in one case, and 
zero in the fifth case. The output of phenolsulphonphthalein by ani- 
mal 6 had risen to 15 per cent on the seventh day after the last injee- 
tion ; by animal 7 it was 20 per cent seven days after the last injection, 
and 80 per cent thirteen days after the last injection. 











Fig. 4.—Tubular degeneration after four injections at three-day intervals. 


The typical picture twenty-four to forty-eight hours after a large 
injection of 20 per cent solution of sucrose was that of hypernephroma. 
The entire system of tubules of the cortex lost the solid pink color as 
seen in a section stained with hematoxylin and eosin and consisted of 
clear cells, with a small amount of pink granular material. The cells 
were so swollen that there appeared to be only a very narrow lumen 
or no lumen. After six to fifteen days, depending on the dose, the 
epithelium again appeared normal. A second injection would pro- 
duce the same histologic appearance, and if continued for as many as 
twenty-two injections, provided the interval of time was seven days or 
more, resultant changes would not affect the excretory functions of 
the kidney. If the interval of time was only three days, definite fune- 
tional changes resulted, as measured by the output of phenolsulphon- 
phthalein. 
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THE JOURNAL OF PEDIATRICS 
CHANGES IN THE KIDNEYS OF HUMAN BEINGS 


Changes similar to those described occurred in the kidneys of human 
beings after injections of hypertonic solution of sucrose. If, as a 
result of repeated injections of solution of sucrose for the purpose 
of inducing diuresis, permanent injury would result, a contraindi- 
cation to use of this solution as a diuretic would be evident. Fig. 5 
illustrates the condition of the kidney of the human being forty-eight 
hours after a series of injections of solution of sucrose. 

The course of the illness was as follows: A boy aged eight years 
was brought to the clinic. When he was three months of age, a diag- 
nosis of congenital syphilis was made and treatment had been con- 
tinued since that time. The illness for which treatment was sought 











Fig. 5.—Kidney of a patient after three injections. 


at the elinie was meningitis. The spinal fluid contained diplopneumo- 
coeci, type 4, on culture. The boy’s condition rapidly became worse, 
high fever developed, and death occurred on the fifth day after his 
admission. On the second day after admission he was given 1,000 c.c. 
of 20 per cent solution of glucose intravenously ; on the third day, he 
was given 450 ¢.c., and on the fourth day, 790 ¢.c. This was adminis- 
tered after sodium amytal had been given hypodermically. 

At necropsy there was evidence of acute meningitis and of congeni- 
tal syphilis. The epithelium of the ascending limb of the loop of 
Henle, and of the convoluted tubules, was swollen and pale; the cells 
were represented by a thin membrane, and a very pale, faded cyto- 
plasm. The swelling of the epithelial cells was so marked as com- 
pletely to obliterate the lumen of the tubules. There was considerable 


pink granular material within Bowman’s capsule. 
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COMMENT 


As the result of the experiments in series 3, it seemed evident that 
injections at intervals of three days seriously lowered the function 
of the renal epithelium as measured by the output of phenolsulphon- 
phthalein. Intervals of three days between injections, it seemed were 
insufficient to permit return of function of the renal tubules. 

The changes produced in the epithelium of the ascending limb of 
the loop Henle and convoluted tubules were striking, and so different 
from those previously described for the tubular system, that some 
speculation as to mode of origin of these changes seems justified. 

Marshall has shown that the aglomerular fishes do not secrete for- 
eign sugar; therefore, it would seem probable that sucrose is excreted 
by the glomeruli, and that it is passed from there through the tubular 
system into the renal pelvis. The epithelium which normally econcen- 
trates the urinary constituents by the absorption of water is, in all 
probability, doing the same thing during diuresis induced by sucrose. 
The tremendous outpouring of urine, which may reach 150 e¢.c. for 
each kilogram of body weight, each hour, involves a huge functional 
load on the kidney, which is manifested only by the tubular changes. 
Apparently the glomerulus is in no way injured by putting out this 
large amount of urine, even though repeated injections are made at a 
time when the renal tubules are swollen. The changes in the con- 
voluted tubules can be thought of as a physiologic response to a maxi- 
mal effort in retaining water for the body, or perhaps, as a response 
to a physical injury from overwork. The return of normal in a rela- 
tively short time indicates the absence of severe, irreparable injury. 
The lesions resembled those Hartman produced in the kidney when he 
transplanted the lower ends of the ureter high into the duodenum and 
thus established a closed circuit for exeretory waste products. 


SUMMARY AND CONCLUSIONS 


It is evident from these experiments that repeated injections of 
hypertonic solutions of sucrose do not do any harm to the tubular ap- 


paratus or glomeruli of the kidney unless injections are given re- 


peatedly at short intervals. 

Four injections of hypertonic solutions of sucrose at intervals of 
three days reduce the output of phenolsulphonphthalein materially, 
with a return to normal output after two weeks. 

It may be concluded that intravenous injections of hypertonic solu- 
tions of sucrose, for the purpose of diuresis or of dehydration, given 
singly or repeated after intervals of five to seven days, will not prove 
harmful. 
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FAMILIAL RETARDATION IN OSSIFICATION OF THE 
CARPAL CENTERS 


Aurrep F. Hess, M.D. 
AND 
Haroutp ABRAMSON, M.D. 
New YorK 


HE instance of familial retardation in the development of carpal 

centers to which we wish to call attention is interesting in itself 
from several points of view, but has greater significance in connection 
with the réle of constitutional and of local factors in the ossification 
of cartilage. The case involved two brothers whose clinical course we 
were able to follow, year by year, for a period of over five years and 
until the defect in ossification was completely corrected. During this 
observational period it was possible to make careful measurements of 
the various parts of the body, to carry out chemical examinations of 
the blood and to observe the physical and mental progress of the boys. 


CasE 1.—L. Y. (older brother), a Jewish boy, was born at full term, February 
21, 1921. His mother, an Austrian, twenty-nine years of age, physically normal, 
had been married two years before he was born. There had been no miscarriages. 
About two years later she had another child whose history is given below. A 
third pregnancy terminated, however, at the eighth month, when she gave birth 
to an anencephalic monster weighing 2 pounds, 7 ounces. The father, also of 
Austrian extraction, was about 37 years of age and physically sound. There was 
no history of familial disease. 

Throughout the first pregnancy the mother enjoyed fair health; her diet ap- 
parently was adequate. The delivery was normal, the respirations of the infant 
spontaneous and there were no convulsions. Birth weight was 7 pounds, 4 ounces. 
The infant was breast-fed until about 14 months of age. During this period 
attempts were made to add other articles of food to the diet, but without suc- 


TABLE I 


DATA IN REGARD TO DEVELOPMENT OF THE OLDER BrorHeER (L.) 


NUMBER OF 
| CARPAL CENTERS 


l 
| COMPARISON 
WITH Pi aenigieilitie A i itl 
(YEARS) | (POUNDS) | (INCHES)| BALDWIN-WOOD | PRYOR’S 
| STANDARDS | LOUIS |STANDARD 
(MALE) 


° 
~ 
2 
9 


veeen | magn AGE WEIGHT | HEIGHT 


| 


per cent 
3/15/27 6 42144 44 

12/ 5/27| 6% “ gas 

5/ 5/28 7% 49% 461% 

1/13/29 8 491%, 491, 

11/25/29; 8% 556 49% 

10/12/31; 11 63 53 


on 
t 
| 
om 








Right ulna distal epiphysis appears; 2 years retarded. 


158 
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cess. Cod liver oil was never given. After the fourteenth month thin cereals, 
zwiebach, broth and potatoes were taken by the child who still refused fresh 
fruits and meat. Motor development was retarded. The infant was able to sup- 
port its head at 6 months of age and sat up at 9 months. He never crawled 
and was able to walk with support only at 17 months, and walked alone by about 
18 months. Talking also was delayed, single words being spoken at 18 months 
and he was unable to put two or more words into a phrase until 2 years of age. 
The first tooth erupted at 10 months. 

Up to about 6 years of age, the child had had no illnesses of importance. 
Tonsillectomy and adenoidectomy were performed at 214 years. At 6 years, how- 
ever, he was admitted to a hospital for acute mastoiditis, which became com- 
plicated by an acute suppurative arthritis of the right knee joint. The knee was 
incised and drained, leading to ankylosis of the joint. The clinical course of the 
disease was stormy and convalescence protracted. 











Fig. 1.—L. Y., eight years, nine months, and G. Y., seven years. 


Upon recovery, physical examination showed a poorly nourished boy weighing 
42 pounds, 4 ounces, with a height of 44 inches. The circumference of his head 
was 1814 inches, that of his chest 22 and of his abdomen 1914 inches. The mid- 
point of the body was at the symphysis pubis. His general expression was dull 
and his color poor. He was a mouth-breather. The musculature was flabby and 
the subcutaneous fat deficient. The posture was poor due to the deformity of 
the right lower extremity. The spine showed a compensatory scoliosis to the 
right, the weight of the body being shifted to the left. There was a partial 
ankylosis of the right knee joint with beginning atrophy of the muscles. 

The skin was clear and covered with a normal growth of lanugo hair. The 
hair of the scalp was abundant, coarse and dark brown and the eyebrows and 
eyelashes were normal. The palpebral fissures were equal and the pupils reacted 
promptly to light and accommodation. The ears, lips, mouth and tongue were 
normal. The deciduous teeth showed caries of the two upper middle incisors, as 
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3 .% 




















~L. ¥. (older brother). 
(a)—Carpal centers at 6% years 
(b)—Carpal centers at 8 years 
(c)—Carpal centers at 8% years. Note sudden accession in the course of 
less than a year. 
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well as of the right lower anterior molar. It may be added that subsequent ex- 
amination of the teeth, when the boy was eleven years of age, revealed caries of 
two of the four permanent first molars and of all the deciduous molars. The 
chest was symmetrical and the heart and lungs normal. The abdomen revealed 





arpal centers at 6 1/6 years 


arpal centers at 7 years 


(c)—C 


(younger brother). 
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nothing unusual. The genitals appeared to be underdeveloped but the testicles 
were fully descended. With the exception of the right lower extremity, the limbs 
were normal. The nails of the fingers and toes were dull in lustre, but showed 
no fissures or furrows. The deep reflexes of the normal extremities were active. 
Mentally the boy appeared to be of average ability. 

During the course of observation, roentgenograms were taken of the various 
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bones and joints of the body. To our surprise, it was found that films showed 
only two centers of calcification of the carpal bones, despite the fact that the boy 
was over six years of age (Fig. 2-A). This indicated a marked retardation in 
development of these centers, as, normally, at this age 6 to 7 centers should have 
been evident. All the metacarpal and phalangeal epiphyses were present. Roent- 
genograms of the tarsal bones of both ankles revealed 6 and 7 centers, which 


corresponds to the norm for this age. 


CASE 2.—(younger brother)—G. Y. In view of the retardation in develop- 
ment of the carpal centers of L. it was thought advisable to take roentgenograms 
of the wrists of the younger brother, who at this time was 4 years and 4 months 
of age. Films showed a similar retardation in the process of calcification in that 
only two centers and the beginning of a third, were to be seen in either wrist. 
(Fig. 3-A.) According to the standards of Pryor,4 a boy of this age should 
have 4 or more carpal centers showing calcification. The metacarpa] and phalan- 
geal epiphyses were present. Roentgenograms of the tarsal bones showed normal 


calcification. 
TABLE II 
DATA IN REGARD TO DEVELOPMENT OF THE YOUNGER BROTHER (G.) 


NUMBER OF 

COMPARISON | CARPAL CENTERS 

AGE WEIGHT HEIGHT | WITH webb a 
(YEARS) | (POUNDS) | (INCHES)) BALDWIN-WooD PRYOR’S 
STANDARDS | GEORGE STANDARD 

(MALE) 


per cent 


FIGURE DATE 


. ad | | 
oa rary « ‘ _- _— 


3b 9/28 601% 45% +28 
3e | 6% 65 | 49 +18 
3d 11/25/29; 7 | 63 4914 +14 


~- 10/12/31 9 | 74 531% +8 


aoann 


*Distal ulnmae not yet evident. 


[Inquiry into the developmental history of George showed that he was born at 
full term, November, 1922. Delivery was normal and the presentation cephalic. 
The birth weight was 7 pounds, 4 ounces. The birth-ery was strong and there were 
no convulsions or cyanosis. He was breast-fed until 13 months of age, no addi- 
tional food being added to the diet. The infant was then given orange juice, 
cereals, cooked fruit, vegetables and meats, but never any cod liver oil. His 
appetite was always poor. The motor development of this child proceeded at a 
more rapid tempo than that of his older brother. He sat up alone at about 6 
months, never crawled, and was able to walk with support at 10 months and with- 
out support at about 15 months. He spoke single words at one year and phrases 
at about two years. The first tooth erupted at 10 months. In general, he 
showed a much more rapid rate of development than his brother, a fact of inter- 
est in view of subsequent development of the carpal centers. He always enjoyed 
good health, although subject to oecasional colds. Tonsillectomy and adenoidectomy 
were performed at 4 years of age. 

Physical examination showed a rather well developed youngster weighing 401% 
pounds and 40 inches tall. The circumferences of his head, chest and abdomen 
were 1914, 20% and 22 inches, respectively. His color was good, the subcutaneous 
tissue firm and the muscles somewhat flabby. He was a mouth-breather and the 
facial expression was dull. The posture was faulty, shoulders stooping, scapulae 
winged and the abdomen protuberant. The hips were rather wide and there was 
some degree of knock knee. The genitals were smal] and the penis retracted, but 
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both testicles were fully descended. There was a considerable amount of fat over 
the suprapubic region. The skin was soft, smooth and had normal lanjgo hair. 
The hands were small, and the fingers thin and tapering. The nails were normal, 
but of dull appearance. The entire picture suggested a Froehlich type. In fact, 
when the boy was about seven years of age, he was observed elsewhere and con- 
sidered a case of glandular dyscrasia, and was given glandular therapy, but with- 
out apparent improvement in general physical state. At that time a basal 
metabolism test was made and was recorded as +9. He did poorly in school, his 
memory being poor; he failed of promotion. Socially and at play he preferred 
to associate with much younger children. 

The face was full and round. The hair of the scalp was dark brown and 
coarse; the eyebrows and eyelashes were normal, The palpebral fissures were 
equal and the pupils reacted normally to light and accommodation. Subsequent 
examination, at 9 years of age, revealed a marked impairment of visual acuity, 
the vision being 20/100 for both eyes. The ears, nose and throat were normal. 
There were 20 deciduous teeth, showing poor enamel and wide spacing; the oc- 
clusion was good Although at 4 years of age caries had not developed, examina- 
tion at 7 years showed carious involvement of all deciduous molars. At 9 years 
the four permanent first molars were still sound. The neck was normal; there 
was no adenopathy. The chest was somewhat flat anteroposteriorly. The heart, 
lungs and abdomen were normal. The reflexes, both superficial and deep, were 
equal and active. 

Summary.—These histories may be summarized by the statement that 
the rate of development of the carpal centers of the older brother, L., 
was not only remarkably slow, but was striking in the manner in 
which the retardation was corrected. As late as 8 years of age but 
two centers had appeared at the wrist and no progress had been made 
in this respect for two years. Suddenly during the ninth year, from 
winter to autumn, a spurt in ossification came about. Films taken in 
November of this year revealed the presence of 5 centers in the left 
and 6 in the right wrist, in addition to new centers at the distal ends 
of the ulnae, the appearance of which had been delayed by approxi- 
mately two years. No adequate explanation can be suggested to ex- 


plain this sudden increase in ossification. The boy’s height had re- 
mained the same, but his weight had increased 6 pounds and there 
was an undoubted improvement in his general condition. The younger 


boy, G., was never so marked a case of carpal retardation, having 3 
sarpal centers instead of 5 or 6 at five years of age. He caught up 
to the normal gradually, so that at seven years he approached closely 
to the standard except for a delay of the distal epiphyses of the ulnae. 
Whereas L. was somewhat below the average for height-weight-age, 
G. was somewhat above, tending to be stout. His metabolie rate, how- 
ever, was slightly above rather than below the average. It may be 
added, that the development of the carpal centers of both parents ap- 
peared normal. 
DISCUSSION 

It is true that variations may be noted in the development of carpal 
centers, a variability which is not great and, in our experience, is nulli- 
fied by the second or third year of life. Some years ago it was shown 
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by Hess and Weinstock’ that even at the time of birth two centers 
occasionally may be noted. It is also true, as noted at our institution, 
that there is a similarity between brothers and sisters in regard to the 
rate and stage of carpal development. The marked retardation ob- 
served in these brothers emphasizes the fact that congenital and con- 
stitutional factors play a réle and must be considered in studies bear- 
ing on the physiology and pathology of calcification and ossification. 
In the paper just referred to the réle of constitution was further em- 
phasized by the fact that the carpal centers of negro infants, at birth, 
were further developed than those of white infants. A similar con- 
stitutional variation has also been brought out recently by one of us 
in connection with the susceptibility to rickets of puppies of different 
breeds?; one breed being more susceptible than another. In other 
words, in experimental as well as in clinical rickets there may be a 
definite constitutional tendency to rickets, quite apart from diet, hy- 
giene, and growth. This must be evident to all who have carefully 
studied rickets in the elinie. The interesting observation of Stettner 
to the effect that the carpal centers of urban children ossify earlier 
than those of rural children, may, perhaps, be interpreted in this way.* 

This clinical observation also emphasizes the fact that although 
ossification of the skeleton depends on systemic factors, it is also de- 
pendent on one or more local factors. As stated, the calcium and in- 
organic phosphorus titer of the blood in these infants was normal; 
10.3 Ca and 4.2 mg. P in the one boy, and 10.0 and 4.0 mg. in the other. 
The Ca x P product was well within normal limits. Nevertheless, os- 
sification was delayed for years and, in the ease of the one came about 
suddenly in the course of a few months without apparent change. We 
attribute this delay, as well as its sudden correction, to the absence 
and to the rapid development of a local factor, of what may be termed 
a mordant or ‘‘ Kalkfaenger. Without taking cognizance of a local 
factor of this kind, no satisfactory explanation is possible of ‘‘high 
phosphorus rickets’’ in infants. Occasionally, but by no means rarely, 
rickets develops in spite of approximately normal concentrations of 
ealcium and inorganic phosphorus in the blood and a normal Ca x P 
product. We have observed numerous cases of this kind, especially 
among young infants. The same may hold true for ‘‘rat rickets.’’ 
In chickens it is very common to find calcium concentrations of over 
10 mg, associated with phosphorus concentrations of 8 to 9 mg., in 
other words an exceedingly high Ca x P product, and nevertheless the 
roentgen rays as well as histologic examination show the typical le- 
sions of rickets and the total ash is far below the normal level. This 
interesting phenomenon, unexplained, and of undoubted importance 
in the physiology of ossification as well as in the pathogenesis of dis- 
orders such as rickets, is further illustrated by the eases of carpal 
retardation which we have reported. 


? 
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CONCLUSIONS 


An instance is reported of prolonged retardation in the develop- 
ment of the carpal centers in two brothers. A clinical observation of 
this kind is exceedingly rare and gains added interest due to the fact 
that it illustrates the réle of congenital and constitutional factors 
in relation to ossification. As the concentration of calcium and in- 
organic phosphorus of the blood was normal, it would seem that a 
local calcifying factor, a mordant or ‘‘Kalkfaenger’’ was lacking. In 
one of the eases the retardation was compensated suddenly during the 
ninth year within a period of a few months. 
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ALIMENTARY TOXICOSIS 


SAMUEL Karewirz, M.D. 
New York, N. Y. 


HE SUBJECT which I wish to discuss is one in which Czerny was 
a pioneer. 

Czerny' classified the nutritional disturbances of infancy on an etio- 
logic basis under three headings: ex alimentatione, ex infectione and 
e constitutione. The commonly accepted view of the etiology of alli- 
mentary toxicosis is that it is secondary to an infection, and so in 
Czerney’s scheme it would be placed under the heading of ex infec- 
tione. This term signifies the following possibilities: that bacteria 
decompose food, causing it to become injurious; that bacteria nor- 
mally inhabiting the intestinal tract may, through putrefaction and 
fermentation of the intestinal contents, bring about the presence of 
toxie or irritating substance or may themselves become injurious; and 
that bacterial infection, regardless of the portal of entry or location, 
whether enteral or parenteral, may lead to a nutritional disorder. In 
brief, it includes the nutritional upsets which are the results of bac- 
terial infection or the products of bacterial proliferation. 

This view is probably a correct explanation for the majority of 
cases of toxicosis. Patients have been observed, however, whose his- 
tories indicated that other inciting factors were responsible for the 
disturbances which lead to toxicosis. With some exceptions, these 
eases etiologically would fall under Czerny’s headings ex alimenta- 
tione and e constitutione. Thus, pure digestive disturbances such as 
those arising from overfeeding or from exceeding the tolerance for 
fat, abrupt weaning of an infant from its mother’s milk; constitutional 
conditions such as inherent intolerence for carbohydrates and aller- 
gie idiosyncrasies to foods; summer heat, especially when associated 
with inereased humidity; direct gastrointestinal irritation such as 
that induced by eatharties, all have been known to initiate the gastro- 
intestinal disturbance which resulted in the development of toxicosis. 

Onee the nutritional disturbance has been initiated, what brings 
about the toxicosis? The most convincing evidence points to the 
following explanations. The fluid (water plus minerals) loss, regard- 
less of the manner in which it takes place, whether by diarrhea, vom- 
iting, insensible perspiration (ventilation through lungs and skin), or 
by these combined, leads to blood concentration, impaired circulation, 
diminished renal function, and acidosis, factors which are responsible 
for the intoxication. Most authors recognize the importance of these 
factors, and some have attributed special significance to the acidosis 
and retention products due to the renal hypofunction. 

166 
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Another explanation of the pathogenesis of toxicosis which has been 
championed extensively is based on its similarity to histamine shock. 
It has been suggested that the origin of these histamine-like substances 
is the upper intestinal tract where coli bacilli have migrated from be- 
low and caused partial splitting of proteins, or by the disturbed intermedi- 
ary metabolism, or from the injured liver. It has also been suggested that 
the injury produced by these substances takes place because the liver 
has been damaged and is no longer able to perform its function of 
detoxification. The evidence for much of the above is still theoretical. 


To demonstrate our point of view on this subject the history ab- 
stracts of fifteen cases of toxicosis presenting a variety of etiologic 
agents, and treated in the children’s wards of Mt. Sinai Hospital, 
according to a plan previously described will be presented and briefly 


discussed. 
DISCUSSION OF CASE ABSTRACTS 


Toxicosis ex Infectione.—Case 1 had a positive stool culture for the 
Flexner dysentery bacillus and thus represents an enteral infection. 
Cases 2 to 5 were, respectively, due to mastoiditis, smallpox vaccina- 
tion, pyuria, and pyuria with recurrent upper respiratory infections. 
These illustrate toxicosis due to parenteral infection. It is note- 
worthy that in Case 5 patient was a breast-fed infant. In the analy- 
sis of a group of 71 cases of toxicosis we found that infection was 
present in more than half. Undoubtedly some developed their infee- 
tions after the diarrhea and vomiting had started. The Cases 1 to 5, 
however, illustrate a relatively common sequence, infection, gastro- 
intestinal disturbance, toxicosis, and suggest a causal relationship 
between them. 

Toxicosis ex Alimentatione—Case 6 developed within three days 
after weaning from the breast to a simple formula of pasteurized milk, 
sugar, and water prepared under hygienic conditions. In Case 7, 
patient failed to thrive on cow’s milk formulae and at eighteen days 
of age developed diarrhea which went on to toxicosis. In Case 8, 
patient was well except for slight constipation, until orange juice was 
started. She received an ounce of orange juice on the first day and 
promptly developed diarrhea. In absence of infection or other fae- 
tors which may have initiated the diarrhea in these cases, we believe 
that they exemplify the development of nutritional disturbances ex 
alimentation which progressed to toxicosis. 

Toxicosis e Constitutione—Case 10 was a child with cyclic vomiting. 
She vomited everything taken for a day, then developed diarrhea and 
rapidly went into toxicosis. In Case 11, patient, while being treated 
for widespread eczema, lost twenty-one ounces in two days and sud- 
denly collapsed. He had vomited only a few times, toxicosis super- 
vened. These cases illustrate the constitutional predisposition which 
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some childen have for gastrointestinal disturbances, and how rapidly 
they progress from apparent good health to severe collapse. The 
ease of eczema is also an example of the vulnerability of the type of 
child which Czerny has placed in the exudative diathesis group. 

Heat and Humidity.—Both infants had normal nutritional histories. 
They were both of poor but clean homes. They suddenly developed 
gastrointestinal symptoms during very hot, humid weather in the 
summer of 1931. Other than the weather conditions no explanation 
was found for their illness. We have observed other cases of toxico- 
sis in which the patients were admitted in severe collapse with marked 
hyperpnea and convulsive seizures during such heat waves without 
any other explanation for their ailments than the weather conditions. 

Toxicosis due to Intestinal Irritation—Case 13 was an infant who 
was recovering from pneumonia. He was given castor oil because 
the mother believed she could diminish the child’s coughing thereby. 
He developed diarrhea within the next twenty-four hours and went 
into toxicosis. In Case 14, patient was given a dose of milk of mag- 
nesia for the correction of constipation. Diarrhea resulted and finally 
developed into toxicosis, 

Toxicosis due to Intestinal Injury.—This child, several days after 
an operation for intussusception developed upper abdominal disten- 
tion, vomited a great deal, and went into collapse. Her clinical ap- 


pearance, the oliguria and azotemia and the rapid response to our 
routine treatment for toxicosis suggested that she was suffering from 


toxicosis. 

In reviewing a series of 71 cases of which those here described 
constitute only a part, we have been impressed with the wide variety 
of etiologic agents. The preponderant incidence of infection as the 
only apparent precipitating agent for the intestinal disturbances which 
lead to toxicosis in this group, causes us to believe, however, that 
infection is the most common etiologic agent. It is often difficult to 
interpret correctly the sequence of events of an illness, but we believe 
that in these cases described we successfully eliminated causes other 
than those mentioned. 

It is of course appreciated that numerous agents other than those 
illustrated may precipitate the nutritional disturbance which ultimately 
may result in the state of toxicosis. 

As for the pathogenesis, we are impressed with the vital importance 
of the dehydration and demineralization and their consequences as 
reflected in the blood and tissue changes, in the renal hypofunction, 
acidosis, and in many cases the complete circulatory collapse. In the 
more fulminating type of toxicosis where ‘‘shock’’ supervenes in a 
relatively short period after the onset of the nutritional disturbance, 
it is possible that histamine-like substances, through their rapid effect 
on the vasomotor system, play a more important réle. 
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In the past few years the therapeutic procedure which we have em- 
ployed? has had as its desideratum the reestablishment of an adequate 
circulation and a rapid improvement of renal function. Coincident 
with this there occur detoxification, correction of the acidosis, improve- 
ment of the tissue turgor, and a gradual disappearance of the gastro- 
intestinal dysfunction. 

It is worthy of note that as early as 1906 Geheimrat Czerny an- 
nounced a classification of nutritional disorders on an etiologic basis 
that even today encompasses the preponderant number of instances of 
this illness. 


CASE 1.—H. F. #316995, Porto Rican, male, seven months of age. Admitted 
July 31, 1930. His birth and past history were normal. He was breast fed for 
two months, then weaned on simple milk formula. He did well until three weeks 
before admission when he developed diarrhea with fever of 103° F. Ona % milk 
% barley water formula the diarrhea improved and the fever dropped. Two weeks 
later or five days before admission, the diarrhea recurred—14 to 19 stools daily. 
With this the child was brought in, collapsed, dehydrated and toxic. His tem 
perature was 106° F.; he was drowsy; his eyes were glassy; his skin turgor poor, 
his pulse rapid and breathing slow and deep. The stools were bloody and on culture 
showed the Flexner type of dysentery bacillus. His blood CO, content was 45 vol. 
per cent. He responded to treatment for toxicosis slowly. His progress was inter- 
rupted by an acute respiratory complication. He was discharged well in thirty 


days. 


Case 2.—M. M., #317213, and 318873, was a nine-month-old Irish female 
baby, who weighed five pounds when bern at term. She did fairly well on a simple 
milk formula and orange juice. At seven months of age, Aug. 7, 1930, she was 
admitted to the hospital because of anorexia, diarrhea, and pyuria. She weighed 
11 pounds. The diarrhea which did not respond to treatment with ordinary milk 
mixtures improved on protein milk. She was discharged as well after six weeks, 
with a formula of 20 ounces of milk, 10 ounces of water, 1% tablespoons of cane 
sugar, farina, orange juice and cod liver oil. A week later the child was readmitted 
because of acute rhinitis and severe diarrhea, vomiting, temperature 103° F., and 
irritability. She looked marantic and acutely ill. After a twelve-hour period of 
starvation and subcutaneous injections of saline solution she was started on a 
simple milk formula, and three days later it was changed to protein milk. She im- 
proved. Urine was normal. With onset of otitis media a week later the diarrhea 
recurred. The protein milk was reduced and the child was given two blood trans 
fusions, each of 110 ¢.c., one week apart. The child continued to do poorly, the 
diarrhea continued, the otitis media was worse, she lost a pound in twenty-four 
hours. Mastoidectomy seemed indicated but was delayed because death seemed 
imminent. On Oct. 29, she weighed 7 pounds, 2 ounces, temperature was 105° F., 
color was ashen gray, pulse was very weak, skin turgor was extremely poor, she be- 


came dyspneic and she showed evidence of severe blood concentration and acidosis. 


. o by - ‘ »< v ef - 
She was nine and one-half months old and weighed 7 pounds and 2 ounces. Treat 
ment for toxicosis was successful and no surgical intervention was needed for the 


otitie condition. At twelve months she weighed 12 pounds. 


Case 3.—O. C., #329201, admitted Aug. 18, 1931, was an eleven-month-old 
Spanish female whose family history and past history were negative. She was 
normal at birth, breast fed for three months and did well thereafter. She was 
never ill before. At ten months she received diphtheria toxin antitoxin and at 
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ten and one-half months she was vaccinated against smallpox. Nine days there- 
after she began to have fever and simultaneously diarrhea. 

Her diet which consisted of whole milk (pastev-id), orange juice, vegetable 
and cereal, was reduced to barley and rice gruel. 

The temperature dropped in a few days, but the diarrhea continued, the stools 
were green and watery. Shortly thereafter the stools became very numerous, the 
fever recurred, and vomiting started. 

On admission to the hospital the child looked ashen gray and collapsed. Skin 
turgor was very poor, and she had marked hyperpnea and temperature of 105° F. 
Her eyes were sunken and her pulse was poor. The urine was scant, and con- 
tained albumin, a few granular casts and white blood cells. Blood chemistry re- 
vealed acidosis and hypoglycemia. 

The vaccination was in sear stage and clean. No other evidence of infection 


was present. She recovered rapidly. 


Case 4.—M. K., #34420, admitted Oct. 11, 1932, was an eight and one-half- 
month-old female who was normal at birth and did well on artificial feeding until 
she was four months old when she developed a vaginal discharge. Gonococcal in- 
fection was never demonstrated, nevertheless treatment was quite active with in- 
ternal medication as well as local applications of antiseptic solutions. She de- 
veloped pyuria with recurrent elevations of temperature. With her fever 100° to 
102° F., she suffered anorexia and vomited frequently. Her weight remained sta- 
tionary for two months. When she was eight months old, her stools became loose, 
her anorexia more marked and her general condition worse. She was admitted for 
study of the genitourinary tract. Intravenous urography revealed dilated ureters 
and ealyces. The p.s.p. test showed very poor exeretion—15 per cent in three 
hours—but at a later time as much as 55 per cent in three hours. The blood chem- 
istry was normal and the urine contained pus, but no casts or red blood cells. 
She vomited frequently, causing her weight to be stationary. 

About five days after reflux urography was attempted, the child collapsed. She 
became markedly hyperpneic (70 respirations per minute), cyanotic, her circulation 
was collapsed, skin turgor was poor, her dependent parts were mottled blue, and 
temperature mounted to 108.4° F. She was unconscious, and had twitchings of the 
extremities, she was anuric, blood pressure was not elevated. Blood showed evidence 


of severe acidosis, azotemia, and coneentration. 


Case 5.—L. B., #332765, a five-month-old Jewish female. child was normal at 
birth and had thrived until five weeks before admission to the hospital, when she 
began to be irritable, restless and took the breast poorly. Stools became thinner 
and more frequent—5 to 6 daily—and she stopped gaining weight. About twenty- 
four to forty-eight hours before admission the stools became numerous, she re- 
fused to eat and became very ill. On admission she was drowsy, irritable, her ery 
was weak, her color gray, her eyes were sunken, her skin loose and pasty, of poor 
color, except over the lower extremities, hands and forearms, where the skin was 
edematous and pitted on pressure. She had deep hyperpnea and a poor pulse. The 
urine was scant and showed only few white blood cells. Blood showed evidence of 
marked acidosis, azotemia and some concentration. She improved under the treat- 
ment for toxicosis. The pyuria persisted. 

On treatment as a case of toxicosis recovery was prompt. However, in forty- 
eight hours she began to dribble purulent urine. Examination revealed a relaxed 
bladder and anal sphincter with some hypesthesia of the perineum. Rectal exam- 
ination revealed a mass at the sacrum. Her knee jerks and abdominal reflexes 
were normal. The urinary tract was examined by various methods including in- 
travenous pyelography and cystoscopy and revealed cystitis. The mass felt by 
rectum grew and caused a defect in the sacrum, seen on roentgen ray examination. 
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The above episode recurred several times in the subsequent ten months but was 
not accompanied by diarrhea. Vomiting did occur once or twice a day. The same 
treatment was effective each time. Blood pressure was never elevated. Eye- 
grounds were normal. Although she had the chronic pyuria, no evidence of nephritis 
or renal insufficiency was demonstrable except for the oliguria during these recur- 
rent episodes of toxicosis. She was found dead in bed without any apparent cause 
at fifteen months. Postmortem examination revealed cystitis and a lipoma involv- 
ing the sacrum and cauda equina. 


Case 6.—B. M., #339066, admitted May 25, 1932. A two-month-old Irish fe- 
male child weighed 7 pounds 8 ounces at birth and 10 pounds 12 ounces four days 
prior to admission when she was weaned to a formula of 2%4 ounces of milk, 14% 
ounces water and two teaspoons dextrimaltose every three hours. The milk was 
grade A and boiled. She vomited the first feeding, the formula was changed slightly 
but diarrhea started soon thereafter. The diarrhea was profuse, a stool every 
fifteen to thirty minutes, and continued so until the day before admission when 
the formula was changed again. However, the diarrhea continued and the child 
became drowsy. On admission she looked lethargic, toxic, gray. Respirations were 
deep and 54 per minute. Skin was mottled and its turgor very poor. The urine 
contained albumin, and the blood revealed concentration with acidosis and azotemia. 
On treatment for toxicosis she made a rapid and complete recovery. 


Case 7.—A. 8., #328913, was a male Italian, twenty-six days old. His birth 
weight was 7 pounds, and he was a difficult feeding problem. On a formula of 
cow’s milk, sugar and water he developed severe diarrhea at eighteen days, and 
lost 2 pounds in the next week. On admission, Aug. 8, 1931, he was ashen gray, 
dehydrated, thin, marantic, apathetic, and collapsed. His hands and feet were 
twitching. A lumbar puncture revealed normal spinal fluid. He was treated with 
a saline solution clysis, a blood transfusion, and a small amount of formula of 
evaporated milk without success. His blood CO, content was 12.5 vol. per cent., 
the NaCl was 702 mg. per cent, and the hemoglobin 92 per cent. Under the routine 
treatment for toxicosis he promptly improved excepting for the diarrhea which 
lasted seven days. 


Case 8.—B. G., #329472, admitted Aug. 26, 1931. A Porto Rican three months 
of age. She was breast fed for two months, then weaned on a condensed miik 
formula. She thrived but was constipated, for which orange juice was recommended. 
A tablespoon of orange juice was given twice in one day. The next day the child 
began to have diarrhea which had continued for the past two weeks increasing to 
8 to 10 green watery stools daily. She lost two pounds in that time and went 
progressively downhill. 


On admission she was moderately ill, slightly lethargic, irritable. Her eyes were 
lusterless. Her liver was 2.5 em. below the costal margin, and she had marked 
eraniotabes. She was treated by starvation and subcutaneous saline injection for 
about twenty-four hours, during which time she became collapsed. Respiration 
became slow and deep, and the blood showed marked concentration and acidosis 
and evidence of rickets. Treatment for toxicosis was instituted, and after a stormy 
course for three days with almost constant convulsions, she improved and made a 
complete recovery. During the convulsive state her Chvostek reaction was quite 
active and 10 e¢.c. of caleium gluconate given intravenously caused no improvement. 
A lumbar puncture revealed xanthochromiec fluid. 


Case 9.—R. B., #335066, admitted Feb. 6, 1932, was a Jewish female fifteen 
months old, who was normal at birth and did well except for two episodes of re- 
eurrent vomiting at three months and again at six months of age. Both were 
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stopped by enemata. She developed well, had been vaccinated and injected with 
diphtheria toxin antitoxin. 

Three days prior to admission she suddenly began vomiting everything, including 
water. The next day her temperature rose to 102° F., and diarrhea started. She 
had 5 or 6 loose stools in twenty-four hours and then became quite drowsy. Tempera- 
ture rose to 104° F.; color became gray, eyes sunken, skin turgor poor, pulse very 
rapid and weak, and respirations quite slow and deep. A diagnosis of toxicosis 
was made, and she was promptly treated with success. Urine contained albumin, 
acetone and an occasional white blood cells. Blood revealed a lowered CO, content, 


diminished sodium chloride, and a somewhat elevated blood sugar. 


Case 10.—R. J., #318774, admitted Sept. 27, 1930. A Porto Rican eight-month- 
old male child admitted because of eczema which had appeared at three months of 
age when he was weaned, and covered his entire body. He had pertussis at six 
months of age. While in the hospital being treated with a tar ointment, he was fed 
a simple formula of pasteurized milk, cereal, and orange juice, a diet similar to 
that which he had had at home. His entire body was covered with this ointment 
The eczema improved, but anorexia developed. Treatment for 
eezema was stopped. He vomited two or three times in the next four days and 
lost twenty-one ounces. He was found in collapsed condition, skin turgor was poor, 
eyes were sunken, breathing rapid and labored, and pulse very poor. He was in 
Treatment for toxicosis was instituted with prompt improve- 


for a few days. 


a semistuperous state. 
ment. 

Case 11—M. McK., #328830, admitted Aug. 6, 1931. A two-month-old Irish 
female was normal at birth at term weighing 7 pounds 2 ounces. She was ex- 
clusively breast fed for three weeks and continued to thrive on a complimentary 
formula of 12 ounces of grade A milk, 8 ounces of water and 1 ounce of sugar. 
Eighteen hours before admission, during 
very hot humid weather, she began to have diarrhea. She had 12 loose, foul-smelling 
stools in that period. Barley water was ordered in place of milk, but vomiting 
followed and the diarrhea continued. On admission she was collapsed and toxic, 
skin was gray, mottled, and of poor turgor, eyes were 
There was no evidence of 


Orange juice was started at one month. 


temperature was 102° F., 
sunken, and she was lethargic and markedly hyperpneic. 
Physical examination revealed no infection. The blood showed evidence 


infection. 
The stool culture showed Bacillus proteus and Bacillus coli. She re- 


of acidosis. 


sponded to the treatment for toxicosis. 


—¥F. P., #329631, an eleven-month-old Porto Rican female was admitted 
She was prematurely born and weighed 
She was breast fed for three weeks, then fed an evaporated 
milk formula until six months of age, and since then 6 ounces of grade A milk 
> ounces of water four or five times a day, cereal, occasionally orange juice 


CASE 12 
during the hot spell, on Aug. 31, 1931. 


3 pounds 3 ounces. 


and 2 
but no cod liver oil. For the past two days for no apparent reason, the child began 


12 stools daily—and vomited a few times. In the past twelve 


to have diarrhea 
On admission she was very ill, pale, eyes were 


hours she had become quite drowsy. 
sunken, skin turgor was poor, abdomen seaphoid, and breathing very slow and deep, 
pulse was very weak. There was no evidence of infection. Blood showed evidence 
of anemia, severe acidosis, azotemia, and blood concentration. The stool culture 


showed Bacillus coli, She did well on the treatment for toxicosis. 


Case 13.—J. C., #336294, admitted March 13, 1932, was normal at birth, weigh- 
ing 10 pounds. He was breast fed for three and one-half months and did well. 
Since then he thrived on a formula of milk and oatmeal water. He had no orange 
juice or cod liver oil. Two weeks before admission he began his first illness with 


coughing. After the first week he improved, only to get worse again two days 
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later with heavy breathing, paroxysmal cough and occasionally vomiting and tem- 
perature of 100° F. Because of the productions of mucus with the cough, castor 
oil was given and in the subsequent twenty-four hours the child developed severe 
diarrhea. He was admitted the next day with temperature of 106° F., acutely ill, 
markedly dehydrated, moderately toxic, eyes sunken, fontanelle depressed, and the 
skin turgor very poor. He was hyperpneic, coughed, and had dullness and rales 
at the left base, which proved to be due to pulmonary involvement, on roentgen ray 
examination. Blood showed evidence of acidosis and blood concentration, and the 
urine contained albumin. He responded well to the treatment of toxicosis without 
a blood transfusion. The rise in temperature lasted only three days. 


Case 14.—M. M., #343765, a five-month-old Irish female child was admitted on 
Sept. 23, 1932, because of diarrhea for one week. It had started after a dose of 
milk of magnesia given to her because the previous few stools were too firm. She 
was quite sick, apathetic and irritable. Her skin turgor was poor, the eyes sunken, 
the fontanelle depressed and the pulse poor. Blood showed evidence of marked 
concentration, mild acidosis and azotemia, and hypoglycemia. Her stool culture 
yielded Bacillus coli enterococecus. Urine showed some albumin and an excess of 
white blood cells. She was treated as a case of toxicosis with prompt and pro- 


gressive improvement. 


Case 15.—Y. R., #345381, admitted Nov. 6, 1932. A five-and-one-half-month-old 
Jewish female was admitted because of periodic abdominal cramplike pains, vom- 
iting, and bloody diarrhea for forty-three hours. She was in poor condition but 
was operated upon for intussusception which was found at the cecum and released. 
Having been breast fed exclusively, she was then fed small amounts of milk ob- 
tained from her mother. Her condition was fair for a few days. She then de- 
veloped upper abdominal distention, vomited bile-stained material, and passed very 
little gas and no stool by rectum. The temperature fluctuated from 101 to 105° F. 
Blood culture was sterile. She became toxic, eyes were sunken, color gray, skin 
turgor poor, ery weak, and pulse very poor. The epigastrium was distended. Blood 
showed evidence of concentration and azotemia, but no acidosis. She probably had 
intestinal and gastric atony. She was treated as a case of toxicosis, except that 
her stomach was lavaged about eight or ten times in four days, with progressively 
diminished evidence of retention. She recovered promptly and completely under 
this treatment. Blood CO, content dropped from 57 to 38 vol. per cent after two 
days of treatment. 
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MEASLES IN NEWBORN INFANTS (MATERNAL INFECTION) 


JEROME L. Koun, M.D. 
New York City 


eo eases of measles in young infants who were infected by their 
mothers have been treated in the last two years at the Willard 
Parker Hospital. The ages of these infants at the time of onset of 
measles was fourteen, fourteen, and thirty days, and ten weeks, re- 
spectively. In two of the cases, therefore, the mother was incubating 
measles at the time of the birth of the child. Both of these children 
were born in institutions. In one case, the mother’s first day of fever 
was five days postpartum, and in the second three days postpartum. 
The offspring had fever on the ninth and tenth day, respectively, after 
the onset of the mother’s illness. The following day, Koplik spots and 
other clinical signs of measles were noted in both infants. The day 
after, the rash appeared. 

The ineubation period of measles is usually given as from eleven to 
fourteen days after exposure. This incubation period takes into con- 
sideration only the first appearance of clinical symptoms, such as cough, 


coryza or the first appearance of the rash. However, if the child is in 
an institution at the time of exposure, or soon thereafter, the tempera- 
ture is taken regularly, and the first day of fever may be considered 
the day of onset. This temperature rise occurs about the ninth or tenth 
day after exposure and this may be ealled the true incubation time. 


In Cases 3 and 4 the mothers were exposed to measles postpartum. 
In Case 3, the mother’s exposure took place eleven days postpartum. 
Twelve days later she had her first symptoms. Eleven days after, 
when mother and child were admitted to the hospital, the child already 
had fever and a few Koplik spots. In ease four, the time of the mother’s 
exposure was not known. Her first symptoms of measles were present 
three days before her admission to the hospital. Eleven days later the 
child developed fever. The next day Koplik spots were seen. 

It seems, therefore, that the incubation period of the children whose 
mothers were incubating measles at the time of birth and those that 
were infected postpartum is about the same. The first day of fever was 
from nine to eleven days after exposure. 

The clinical course of the measles in these infants apparently differed 
in no way from that seen later in the first year. In ease one, the child 
received convalescent serum on the seventh day after exposure. The 
course of the measles was mild. In this ease it ean hardly be considered 

From the Willard Parker Hospital for Contagious Diseases. Dept. of Hospitals 
New York City. 
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TABLE I 








DATE OF FIRST INCUBA- AGE OF CHILD! aaa 
DAY OF FEVER| TION OF AT TIME OF COURSE OF 
CHILD MEASLES MEASLES 
MOTHER} CHILD 


4/21 | 4/30 | 9D | MWD Not very sick 

3/ 3 3/13 | 10D Very sick 

Otitis; Pneumonia 

3/28? / 79 10 D? : Quite sick 

Pneumonia 

3/13? | ; 11D? ! Quite sick 

Otitis media 

Pneumonia 

12/26 Mother had full rash at 
birth. Child isolated 
immediately. No se- 
rum given. No 
measles 

Rash receding when 
child was born. Se- 
rum given when 1 
day old. No isola- 
tion. No measles 

First clinical sign of 
measles 8 days post- 
partum. Serum giv- 
en 8 days later. No 

measles 

11/20/32 | 2/23 3/19 | 15-24% | } Whole blood given 9 

days after exposure. 

Mild 

















D—Day. ; 

W—Week. 

M—Month. 
proof of the efficacy of convalescent serum as the correct time for giving 
serum is within five to six days after exposure. In the other three 
eases, in which serum was not given, the children were seriously ill. 
All three had symptoms and signs of pulmonary involvement and two 
developed a purulent otitis media. The fever lasted from ten to eighteen 
days after the onset. All of the children recovered. 

There were three additional cases, none of which developed measles, 
that should be included in this series. 

Two eases (No. 5 and 6) ean be considered together. Both children 
were born while the mother had clinical signs of measles. In Case 5, the 
child was born when the mother’s rash was at the maximum stage. The 
newborn showed no clinical evidence of measles. No convalescent serum 
was given, but the child was immediately isolated from the mother. 
The isolation was maintained until the child was ten days old. The 
child did not become infected. In Case 6, the child was born while the 
mother’s rash was receding, that is about two days after the maximum 


stage. This latter child also showed no clinical signs of measles at birth. 


The child was given convalescent serum soon after birth and was not 
isolated from the mother. This infant also remained free of measles. 


In Case 7, the mother was ineubating measles when the child was 


born. Her first day of fever was three days postpartum, but she had no 
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clinieal signs of measles until six days later, when for the first time her 
temperature was over 38.5° C. (101° F.). The child was given 10 c.c. of 
measles convalescent serum when seventeen days old. This was eight 
days after the mother’s first symptoms. Although the serum was given 


late, the child remained free of measles. 


COMMENT 


As has been shown by Herrman’ and others, when a mother has had 


measles previous to pregnancy, her infant usually has an immunity for 
at least the first five months of life. This immunity is presumably 
transmitted through the placental circulation. It is often stated that 
if the mother has not had measles, the child has no such immunity. 
Since in most large communities the mother has had measles during 
childhood, measles in very young infants is infrequent. But this rule 
of immunity is not infallible, and there must be differences in in- 
dividuals. I observed one infant three months of age, exposed to measles 
in the mother, who did not contract the disease. No convalescent serum 
was given. This child has been followed for seven years and up to the 
present time has not had measles. 

A review of the literature of congenital measles, or the measles of 
early infaney is unnecessary. This has been adequately done by Reuss,® 
Canelli,* Mariani,‘ Debre and Joannon® and others. These authors re- 
port cases in which the mother had measles a few days before expected 
delivery. In most of the eases the child had elinieal signs of measles 
at birth. The measles was usually at the same stage as that of the 
mother. In some cases, however, the measles would be at a later stage. 
This suggests that the fetus is infected at the same time as the mother 
or is infeeted during her incubation period. This, however, was not our 
experience. In the two cases in which the children were born while the 
mother’s measles was still active, neither child showed any evidence of 
having been infected in utero. Immediately after birth, one was given 
convalescent serum and allowed to remain with its mother; while the 
other was given no serum but was isolated. They both remained free 
of infection. Reuss* cites a case of Koht in which a child had symptoms 
of measles five days postpartum, which was eight days after the onset of 
the mother’s infection. In a case reported by Laur® the mother had 
symptoms the day after birth and the child’s first symptoms appeared 
when it was eight days old. Reuss? also cites a case of Moser, in which 
the child was born after the mother’s rash had faded and the child had 
its first symptoms fourteen days postpartum. In the three cases re- 
ported in this paper, in which the mother was incubating measles at the 
time of birth, two were subsequently infected. In one, the first day of 
fever was nine days, and in the other, ten days after maternal exposure. 
The giving of a large quantity of convalescent serum may have protected 
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the third patient. The case of Moser and those eases here reported were 
probably infected postpartum. 

If the measles oceurs before the eighth month of pregnancy, the likeli- 
hood of a misearriage or premature birth is great. This usually occurs 
at the height of the eruption. In such eases the fetus has been found 
to have a rash at about the same stage as that of the mother. Gutwirth’ 
states that if the mother does not misearry, the offspring acquires a 
permanent immunity. Mariani‘ cites several cases in which such off- 
spring have been repeatedly exposed to measles and no infection has 
resulted. It would be interesting, therefore, to follow the eases here re- 
ported in which the infants were born while the mothers were still in the 
eruptive stage. Will they become infected on subsequent exposure? In 
contradiction to this are the well-known cases in the Faroe Islands. 
During an epidemic of measles in these islands in 1846, a number 
of pregnant women were infected. The islands were practically free 
from measles until 1882, thirty-six years later. At that time a number 
of the offspring of these pregnancies contracted measles. 

The clinical course of measles in these young children infected by 
their mothers is usually severe. Mortality statistics comparable to the 
eases here described are very meager. Figures given by Debre and 
Joannon® and Mariani* show that the mortality is about 15 per cent. 
It seems logical, therefore, in order to modify its severity, that measles 
convalescent serum or adequate amounts of whole blood or serum from 
adults previously infected with measles should be given soon after ex- 
posure. It is known that in older children if immune serum is given 
within five or six days after exposure, the measles may be aborted or 
the resultant measles may be mild. Up to the present time, except for 
the ease (No. 6) here reported, I know of no newborn children infected 
by their mothers who have been given convalescent serum within five 
days after exposure. One cannot say with certainty, therefore, that this 
treatment will be efficient. 

There is reason to believe that immune reactions in young infants are 
not the same as those occuring in older children. This is illustrated by 
diphtheria in young infants. It is usually serious and infants do not 
respond to treatment with antitoxin even when it is given early in the 
disease. Brindeau® cites an epidemic of puerperal fever for which 
the diphtheria bacillus was responsible, and states that nine infants were 
infected and all but one died, notwithstanding antitoxin treatment. 
After this he injected each infant at birth with diphtheria antitoxin and 
the epidemie was arrested at once. Rabedeau-Dumas, Loiseau and 
Lacomme® and others have attempted immunization of infants under 
four months of age with diphtheria toxoid and toxin-antitoxin, but have 
been unsuccessful. The Schick test six months later was positive and 
the immunization had to be repeated in the second half of the first year. 
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The injection of toxoid into pregnant women did not influence the anti- 
toxin content of the newborn. Whether this analogy can be carried over 
to measles can only be decided with a wide experience. 


SUMMARY 


1. Four cases of measles in young children infected by their mothers 
are reported. In two of the cases the mother was incubating measles at 
the time of the birth of the child. 

2. In one other case, in which the mother was incubating measles at 


the time of birth, the child was evidently protected by convalescent 


serum. 
3. Two children were born while the mother was in the eruptive stage 
of measles. Immediately after birth, one received convalescent serum 
and was allowed to remain with its mother, and the other received no 
serum, but was isolated. Both remained free of measles. 
4. Congenital measles and measles in early infaney has been dis- 


cussed. 
5. Since the course of the measles in young infants is usually severe 
the use of measles immune serum soon after exposure is indicated. 


Nore.—An additional case (No. 8) was observed after this manuscript had been 
completed. A child three months old was exposed to measles by the mother. The 
father had had measles, and the child was given 25 ¢.c. of his blood, nine days 
after exposure. Fifteen days later the child showed symptoms of what proved to 
be modified measles. 
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OBSERVATIONS ON THE NATURE AND TREATMENT OF 
DIARRHEA AND THE ASSOCIATED SYSTEMIC 
DISTURBANCES 


W. McKim Marriott, M.D., ALeExis F. Hartmann, M.D., 
AND MILTon J. E. SENN, M.D. 
Sr. Louis, Mo. 


HE large amount of work which has been done during recent 

years on the subject of infantile diarrhea and its effects on the 
body has served to bring out essential facts which have formed the 
basis for prophylaxis and treatment. The numerous discussions as to 
whether infantile diarrhea is due primarily to abnormal chemical com- 
position of the food, to nutritional disturbances, to enteral infections 
or to parenteral infections have made it evident that there is no one 
eause of the condition, but that it may be due to any one or more of 
the factors mentioned, either alone or in combination with other fac- 
tors. It has also become apparent that the severe toxic symptoms, the 
so-called ‘‘alimentary intoxication,’’ are the secondary results of dis- 
turbance in the chemical equilibrium of the body brought about as the 
result of loss of water, salts and organic material by way of the gas- 
trointestinal tract, and that the development of the clinical picture of 
intoxication depends more upon the degree and severity of the diar- 
rhea than upon the nature of the underlying cause. Any severe diar- 
rhea, whether occurring as the result of enteral or parenteral infec- 
tion, or other causes, may be associated with the development of the 
symptoms of ‘‘intoxication.’’ The picture may, of course, be compli- 
eated by the direct effects of any infection which is present. 

The present-day clinical picture of diarrhea and its complications 
differs materially from that of a decade or two ago. General improve- 
ment in milk and water supplies and more adequate supervision of 
infants and the education of mothers have resulted in a greatly de- 
creased incidence of the specific enteral infections (dysentery). A bet- 
ter knowledge of the nutritional requirements of infants has resulted 
in generally better nutrition among infants, so that the effects of diar- 
rhea are less serious. A better understanding of the nature of the 
condition and associated changes brought about in the body has re- 
sulted in a more intelligent application of specific therapeutic pro- 
cedures designed to restore normal conditions in the body. Severe 
manifestations are more frequently checked in their incipiency. 


From the Department of Pediatrics, Washington University School of Medicine, 
and the St. Louis Children’s Hospital. 
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The purpose of the present paper is to summarize observations 
which we have made during the three-year period 1930-32 on all cases 
of diarrhea observed in the St. Louis Children’s Hospital with the idea 
of determining the essential etiologic factors involved, and to evalu- 
ate the results of therapeutic procedures adopted. 3 


During the three-year period 318 cases of diarrhea were observed, and 
of these 118 or 37 per cent fell in the classification of enteral infections or 
dysentery, using the term in its broadest sense to include not only in- 
fection with the recognized strains of dysentery, but also closely re- 
lated organisms of the dysentery-paratyphoid-colon group generally 
recognized as pathogenic. As dysentery were included all cases in 
which specific pathogenic organisms were isolated, either from the 
stools during life or from the intestinal tract at autopsy, all cases in 
which specific agglutinins to the members of the dysentery-paraty- 
phoid-colon group were demonstrated in the blood, and all eases in 
which there was clinical evidence of dysentery, such as blood or pus 
in the stools or a history of proved coincident familial infection. Even 
though all doubtful cases were included in the dysentery group, the 
relative incidence of dysentery is seen to be low as compared with 
other types of diarrhea. These figures differ materially from those of 
observers in other localities’ ** during the same years. There was 
observed the usual seasonal incidence, cases of this type beginning to 
be numerous in June and increasing in numbers to a peak in August 
and September, rapidly decreasing in numbers with the beginning of 
winter. (See Chart 1.) 

In the series of cases classified as dysentery, parenteral infections 
occurred during the course of the disease and complicated the picture 
in 66 per cent of the cases. The most frequent infections were bron- 
chopneumonia, otitis media, mastoiditis and pyelitis. The mortality 
in the group with complicating secondary infections was 28 per cent; 
in those uncomplicated by such infections, 10 per cent. The oceur- 
rence of dysenterie infection seemed to bear but little relationship to 
the state of nutrition of the infants; dysentery was observed in well 
nourished as well as in poorly nourished infants. Very few of the 
dysentery patients had been under adequate medical supervision, or 
were from homes in which there was an intelligent appreciation of 
hygiene. 

The eases of nondysenterie diarrhea were most frequently observed 
during the early fall months in the ease of infants whose nutrition 
had suffered during the summer season and who, with the beginning 
of fall, contracted upper respiratory infections which served as the 
final precipitating factor. The seasonal incidence differed somewhat 
from that of the dysentery cases. Some increase occurred during the 
warmer seasons of the year, and the symptoms were somewhat more se- 
vere in excessively hot weather, presumably because of the influence of 
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heat in favoring further dehydration, but a fair number of cases oc- 
curred even during the winter months when there were no cases of 
dysentery. (See Chart 1.) 

In the group of cases of simple diarrhea, definitely recognizable 
parenteral infections in the rhinopharynx, ears and mastoids. were 
present in 83 per cent at the time of admission to the hospital. The 
incidence of such parenteral infections has, however, varied from year 
to year. During one fall and winter season previous to the present 
studies, acute middle ear or mastoid infections immediately preceded 
the development of diarrhea in 93 per cent of the cases. The incidence 
of parenteral infection was really somewhat greater than the figures 
given would indicate. Not infrequently in the case of infants ad- 
mitted to the hospital in a state of severe dehydration, the presence of 
middle ear infections was unsuspected because of lack of evidence of 
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Chart 1.—Seasonal incidence of nonspecific diarrhea and dysentery. 


inflammatory change in the tympanic membranes. With the restora- 
tion of the fluid balance and consequent improvement of the circula- 
tion, the tympanic membrane showed changes definitely indicative of in- 
fection, and this was confirmed by the obtaining of pus on paracentesis. 

Nondysenteric diarrhea was observed much more frequently in un- 
dernourished infants, the course was more severe, the secondary toxic 
manifestations were more marked, and the mortality was higher than 
in the case of well-nourished infants. The most frequent feeding error 
preceding the development of diarrhea was quantitative or qualitative 
underfeeding which had led to impairment of the nutrition and ap- 
parently to lack of resistance to infection. The severe types of diar- 
rhea were observed almost exclusively in artificially fed infants and 
in those who had received relatively dilute formulas of unacidified milk. 

The mortality in the group of cases associated with parenteral in- 
fections was 35 per cent, over three-fourths of the deaths (77.4 per 
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cent) being directly attributable to the complicating infections rather 
than to the effects of the diarrhea per se. 

There still remained a small group of cases (17 per cent) in which 
neither enteral nor parenteral infections could be demonstrated. The 
cases in this group were characterized by a short duration of the diar- 
rhea (average four days) and a low mortality (5 per cent), as com- 
pared with an average duration of fifteen days and a mortality of 35 
per cent in the group with parenteral infections. 

A study was made of the acidity and bacterial flora of the gastric 
contents in 200 of the eases of diarrhea of various types. In making 
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Chart 2 Hydrogen ion concentration of gastric contents. Each dot represents one in- 
fant. Circle represents the average for age group. 

the observations, each infant was first given a test meal consisting of 
a 1:1 dilution of boiled whole ecow’s milk with water. Gastric contents 
were removed by eatheter one and one-half hours after the ingestion 
of the test meal. All samples containing mucus were disearded. Suce- 
cessive observations were made at the same time each day to note the 
effects of various feedings and other factors on the acidity and bac- 
terial flora of the gastric contents. 

The hydrogen ion concentration of the gastric contents was deter- 
mined by the method previously deseribed by Marriott and Davidson‘ 
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and bacterial cultures were made on each sample. The results were 
compared with those obtained from a group of normal infants under 
the same conditions. The Py of the gastric contents of normal infants 
averaged 3.70 with extreme variations from 2.0 to 5.0. The results are 
expressed in graphic form in Chart 2. In the group of cases of non- 
dysenteric diarrhea, there was a distinct lowering of acidity, the aver- 
age Py being 5.65 and the extreme variation from 4.6 to 6.5. (See 
Chart 2.) 

The acidity of the gastric contents of the cases in the dysentery 
group differed markedly from that of the nonspecific type associated 
with parenteral infections. Regardless of the age of the patient and 
of the specific organisms, there was a distinctly greater acidity, the 
average Py of the gastric contents being 3.0, only one-third of the 
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Chart 3.—The incidence of B. coli in the gastric contents at varying hydrogen fon 
concentrations. 

eases having a Py above this average value. (Chart 2.) The acidity of 
the gastric contents of the infants in this group was not only much 
higher than that observed in the noninfectious group, but also dis- 
tinetly higher than that observed in the normal group. In some in- 
stances at the very beginning of the symptoms of dysentery there was 
some lowering of acidity, but after the first day or so the acidity al- 
most invariably increased. 

The bacterial flora obtained on culture of the gastric contents of 
both normal infants and those suffering from diarrhea almost always 
included staphylococci and often streptococci and yeasts. In none of 
the normal infants were any strains of the colon group observed. In 
45 per cent of the cases of nondysenterie diarrhea, the predominant 
flora of the gastrie contents consisted of strains of B. coli. In a num- 
ber of cases of parenteral infection associated with vomiting, B. coli 
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were cultured from the gastrie contents before symptoms of diarrhea 
had developed, but in all such eases diarrhea occurred shortly afterward. 

A fairly close relationship was found to exist between the degree of 
acidity of the gastrie contents and the presence of organisms of the 
colon group. This relationship is shown graphically in Chart 3. It 
will be observed that with decreased acidity there occurs an increased 
incidence of B. coli. , 

In marked contrast were the bacteriologic findings in the cases of 
dysentery. In these cases with the usual high gastrie acidity, the 
stomach contents were entirely sterile in a few instances, and in the 
remainder the only flora present were those observed in the ease of 
normal infants. There was a significant absence of members of the 
colon group during the active course of the disease. During the third 
week of the disease in protracted cases and where the picture was 
complicated by severe infections and malnutrition, a decrease in acid- 
ity of the stomach contents associated with the presence of B. coli was 
oceasionally observed. In these eases, nondysenterie diarrhea appeared 
to have been superimposed upon a dysentery. 

Our findings on the bacterial flora of the gastric contents are con- 
firmatory of the observations of others,® “* and lend support to the 
hypothesis of enterogenous infection of the upper intestinal tract as 
a causative factor in the production of diarrhea. The observations on 
the relationship of gastric acidity to the presence of flora of the colon 
group indicate the possible mechanism of such enterogenous infec- 
tions, and at the same time point the way to possible means of preven- 
tion and treatment of this type of diarrhea. We consider it probable 
that infestation of the duodenal and jejunal contents with B. coli and 
related organisms is of greater pathogenic significance than the pres- 
ence of these organisms in the gastric contents. The presence of such 
organisms in the stomach, we take merely as evidence of more or less 
massive infection of the duodenal contents and recognize the fact that 
even in the presence of duodenal infection and in the absence of re- 
gurgitation, the stomach may be free from the organisms. When they 
are present in the stomach, however, it is most unlikely that they 
should be absent from the duodenum. As will be shown subsequently, 
it is possible through the feeding of buffered acid solutions to bring 
and maintain the gastric acidity to almost any desired degree within 
normal limits, and that such a procedure results in general in a dis- 
appearance of B. coli and exerts a favorable effect on the course of 
diarrhea of the nondysenterie type. 

So far we have considered only certain conditions existing in the 
intestinal tract in the presence of diarrhea. The general effects of 
diarrhea upon the body are of as great or greater importance. 

The failure to absorb ingested food substances and water from the 
intestinal tract and to reabsorb gastrointestinal secretions may lead 
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to serious disturbances in the body, the degree of which in an un- 
treated case, is more or less directly proportional to the severity of the 
diarrhea. Such changes include: (1) dehydration, (2) electrolyte 
imbalance, and (3) starvation, each of which may lead to secondary 
trains of disturbances, the resultant of which may be rapidly fatal. 

Apparently under normal conditions the total daily amount of gas- 
trointestinal juices secreted and absorbed exceeds two- or threefold 
the fluid intake. The immediate source of water for these secretions 
is, of course, the blood plasma. When such secretions fail to be re- 
turned to the circulating blood, because of loss through diarrhea, the 
volume of the plasma tends to diminish (anhydremia). Passage into 
the circulating blood of the intercellular fluid of the body, and to a 
certain extent also the intracellular fluid, particularly of the muscles, 
may prevent for a time such shrinkage of plasma volume, but when 
these reservoirs become exhausted, dehydration of both the tissues and 
the blood plasma results. 

In addition to loss of fluid by way of the intestinal tract, further 
water loss occurs as the result of evaporation from the skin and lungs. 
A diminished blood volume, particularly when associated with in- 
creased viscosity due to the relative increase in the plasma protein 
concentration and cell volume, results in a greatly diminished volume 
flow of the blood, which in turn interferes with the normal function of 
the circulation in carrying oxygen and food substances to the cells 
and removing carbon dioxide and other waste products. Secretion of 
urine in particular may almost completely cease under such cireum- 
stances, and result in retention of urea and other waste products in 
the blood. During such periods of severe dehydration, however, there 
seems to occur a relatively much smaller reduction in the amount of 
secretion of gastrointestinal juices, a fact in keeping with the tend- 
ency for continued secretion of gastric juice in the experimental ani- 
mal dying from gastric fistula, and of pancreatic juice in the animal 
succumbing to the effects of continued loss of pancreatic juice by 
fistula or intubation of the pancreatic duct.® 

Although perhaps the normal mixture of gastrointestinal secretions 
may have an electrolyte composition similar to that of the normal 
body fluids, the loss of large amounts of gastrointestinal secretions by 
fistula or diarrhea almost invariably leads to electrolyte imbalance in 
the body fluids. This disturbance is usually such as to produce acido- 
sis. Factors contributing to the production of acidosis are: (1) a 
greater loss of fixed base than fixed acid, (2) the inability of the kid- 
neys to excrete enough fixed acid bound to-ammonia to maintain a 
normal bicarbonate concentration in the blood, and (3)- the occasional 
production of organic acids, such as lactic acid and the ketone acids 
due to circulatory failure or to starvation. It should be remembered, 
in this connection, that analysis of a blood sample at a time when 
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severe dehydration exists sometimes fails to reveal loss of individual 
ions ; i.e., there may be considerable chloride and fixed base lost from 
the body, and yet their concentrations in the plasma may be above 
normal. This is simply due to the fact that water has been lost from 
the plasma to an even greater degree. Recovery from such changes 
demands the proper administration, not only of water, but of chloride 
and base. When bicarbonate lowering is extreme (to 4 or less of the 
normal concentration) the acidosis is frequently uncompensated, and 
the Py of the blood may drop to 7 or less. Such severe acidosis tends 
promptly to be fatal and demands very vigorous treatment. Detailed 
studies of the chemical composition of the blood of patients observed 
and treated in this clinie have been published previously.® 

In addition to the loss of water and electrolyte substances, there 
oceurs a more or less rapid consumption of the body stores of carbo- 
hydrate, fat and protein, leading to emaciation, as well as to dehydra- 
tion. Depletion of carbohydrate stores sometimes contributes to the 
development of acidosis in making ketosis possible. Ketosis, however, 
is not an important consideration in the acidosis of acute diarrhea, 
except when the diarrhea is due to acute bacillary dysentery. The 
consumption of body protein, however, may frequently lead to serious 
secondary disturbances, particularly when the plasma proteins become 
—depleted. Such depletion, often masked during the period of dehydra- 
tion, becomes manifest after restoration of body fluids, and contributes 
frequently to generalized edema, which quite aptly has been termed 
‘‘nutritional edema.’’ During the development of such edema, despite 
the fact that the kidneys may be essentially normal, there may occur 
marked oliguria, sufficient to impair seriously normal renal activity. 
Such renal activity may in turn result in continued electrolyte imbal- 
ance and interfere with recovery from acidosis or alkalosis. 

Effective treatment of the more severe cases of diarrhea must in- 
clude prompt restoration of normal blood chemical composition and 
normal conditions in the gastrointestinal tract. Measures particularly 
directed toward one end frequently have a good effect on the other, 
and the two objectives cannot be sharply separated one from the other. 

In practice, we have found the following method of treatment to be 
the most effective: (1) total restriction of food, (2) the administra- 
tion of an isotonic solution of sodium r-lactate, sufficient to relieve 
promptly the acidosis and to relieve at least partially the dehydra- 
tion.*® In the presence of severe acidosis, the usual dose of sodium 
lactate is 10 ¢.c. of a molar solution* per kilogram of body weight, 


*Molar sodium lactate may be prepared by neutralizing 100 c.c. of U. S. P. lactic 
acid with concentrated sodium hydroxide, using phenol red as an indicator. The solu- 
tion is made up to about 800 c.c. with distilled water and heated to the boiling point 
for from thirty to forty-five minutes, meanwhile adding small amounts of alkali as 
needed to neutralize the lactic acid formed through hydration of the anhydride. The 
solution is then made up to 1000 c.c. It may be sterilized in an autoclave and pre- 
served in stoppered flasks or in sealed ampules. 

Such molar solution may be obtained already prepared in 40 c.c. ampules. (Eli 
Lilly and Company, Indianapolis.) 
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diluted by the addition of 5 volumes of sterile distilled water. A part 
of this (one-third to one-half) is injected intravenously, to restore as 
quickly as possible diminished blood volume, while the remainder is 
administered subcutaneously or intraperitoneally ; (3) administration 
of physiological buffer salts solution parenterally ;* (4) the adminis- 
tration of dextrose solution to furnish fuel, to relieve ketosis and to 
help in re-establishing the glycogen reserves of the body. Dextrose 
solution in isotonic strength (6 per cent) may be given as such sub- 
ecutaneously or mixed with equal parts of physiologic buffer salts solu- 
tion. The dextrose may also to advantage be given by continuous 
slow intravenous injection. For this purpose a 10 per cent solution, 
either alone or mixed with an equal volume of physiologic buffer salts 
solution, is used. The rate of injection of the 10 per cent solution of 
dextrose should not exceed 3 ¢.c. per kilogram of body weight per 
hour. More rapid injection may result in glycosuria, edema, embar- 
rassment of the circulation and at times to a general reaction with 
temperature elevation and chills. (5) The administration of citrated 
whole blood. This procedure should not be resorted to until after the 
fluid balance has been well restored, inasmuch as transfusions given in 
the presence of marked blood concentration may result in a still fur- 
ther increase in plasma protein content and an intensification of the 
phenomena of anhydremia. 

After the fluid content of the blood has been restored, blood trans- 
fusion tends to reestablish the plasma protein level in the recipient, 
when this is low as the result of poor nutrition or has been in part 
destroyed during the existence of anhydremia and is in consequence 
low when the blood volume has again been reestablished through the 
administration of fluid. Transfusion therefore tends to prevent the 
development of secondary nutritional edema. The administration of 
blood may furnish some bacterial antibodies, particularly to B. coli. 
Transfusion of whole blood also furnishes red blood cells, which are 
eapable of functioning normally, and in this way tends to prevent the 
development of anemia after dehydration has been overcome. 

The above measures, designed particularly to restore normal blood 
and body fluid volume and chemical composition, can usually be ear- 
ried out satisfactorily within the first twelve hours. Should severe 
diarrhea continue, the parenteral administration of physiologic buffer 
salts solution may have to be repeated two or three times daily, or 
given continuously by the slow intravenous drip method. 

During the period of food restriction, which should last for twelve 
to forty-eight hours or more, depending upon whether or not diarrhea 


*The physiological buffer salts solution (Hartmann’'s solution) has been described 
elsewhere." It is essentially a mixture of Ringer’s solution and sodium lactate and 
is designed to supply potassium, calcium and magnesium, in addition to sodium ions 
and chloride and enough potential bicarbonate to prevent the recurrence of acidosis, 
should diarrhea continue. This solution is obtainable in ampule form. (Eli Lilly and 
Company, Indianapolis.) 





190 THE JOURNAL OF PEDIATRICS 


tends to continue despite food restriction, it seems of value to offer 
small amounts of acidified and buffered water, which tends to keep 
the stomach and upper intestines sufficiently acid to prevent the 
growth of intestinal organisms. This buffered water is composed of 
lactic acid in 100 millimolar strength and sodium lactate in 50 milli- 
molar strength.* It is sometimes advantageous to sweeten this mix- 


ture with saccharine. 

After the preliminary starvation period, the most efficacious method 
of resuming feedings is to offer small amounts of Dryco (half-skimmed 
dried milk) or dried protein milk, diluted 1 to 19 with the above men- 
tioned buffered mixture. Very gradually, after the condition of the 
patient improves and the diarrhea becomes less, the amount of food 
may be increased. We have found it satisfactory, first to concentrate 
somewhat the dried or protein milk dilution (making it 1 to 8) and 
then to add gradually the carbohydrate to the formula in the form of 
Karo syrup (dextrin and maltose). When roughly 6 per cent carbo- 
hydrate has been added to such a formula and the patient is taking 
amounts of such a formula normal for his age, evaporated milk diluted 
with an equal volume of buffered solution or 1 per cent lactic acid, and 
with the addition of 5 to 7 per cent of carbohydrate may be substituted 
for the protein milk mixture and in this way adequate calories may 
easily be given. 

In general, the same measures found efficacious for the relief of de- 
hydration and restoration of the normal chemical composition of the 
body fluids in the nondysenteriec form of diarrhea were also found 
highly satisfactory in the more severe forms of acute bacillary dysen- 
tery. Beeause of the much greater frequency of severe ketosis in dys- 
entery, dextrose seems more specifically indicated, and should be sup- 
plied in addition to physiologic buffer salts solution, at least as long 
as ketosis is present. The preliminary restriction of food has also been 
found efficacious. The feeding of buffered water, however, seems 
rarely necessary, because of the more normal secretion of gastric juice. 
In regard to dietary measures, the most important point would seem 
to be the restriction of fat during the period of toxemia. It is our im- 
pression that feeding of milk formulas containing 3 per cent fat or 
more tends to increase vomiting and to make the stools larger and 
more watery. After vomiting has ceased and the temperature has be- 
come normal or almost normal, it has been our plan to increase the 
food rapidly, so that an adequate amount of calories may be given. In 
order not to interfere with the healing of the ulcers in the intestinal 
mucous membrane, the food should contain little or no roughage. In 
addition to an adequate amount of milk, with or without added earbo- 

*This solution is prepared as follows: 

Lactic acid U. S. P. 
Sodium hydroxide 10 per cent 


Water 
jefore use, the solution is diluted one part to ten with water. 
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hydrate, such food substances as Jello, fruit juices, strained cereal, 


arrowroot crackers with butter and jelly have been found useful. 

In any ease in which parenteral infection is present, whether as 
the primary cause of the diarrhea or as a secondary complication, such 
infection should receive appropriate treatment. The treatment of par- 
enteral infections may include local treatment of the nose and throat, 
paracentesis of the ear drum, or in those cases in which there is defi- 
nite evidence of mastoid involvement, postauricular drainage or mas- 
toid antrotomy. The latter procedure is rarely necessary except in 
the case of epidemic streptococcus infections. When such infections 
are present, and are the primary cause of the diarrhea, excellent re- 
sults are obtained following antrotomy. When infections of the mas- 
toid or of the nasal accessory sinuses are secondary manifestations, 
operative treatment may also be indicated, but this is not followed by 
the same striking results as in the ease of primary parenteral infee- 
tions. After operation, the wounds heal slowly and the mortality is 
high. The diarrhea, not being dependent entirely upon the infection, 
may be but little influenced. The purpose of treating the infections is 
to remove one of the complicating factors prejudicing recovery. 
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A NOTE ON THE PATHOGENESIS OF RENAL RICKETS 


DERANGEMENTS OF CALCIUM AND PHosPpHORUS METABOLISM IN 
NEPHRITIS 
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— dwarfism and renal rickets are terms which have come to 
be commonly employed to designate the retarded growth, skele- 
tal deformities and osteoporotic changes observed in children suffer- 
ing from marked renal insufficiency. The association of late rickets 
with disease of the kidneys apparently was first noted by Lucas in 
1883, and Fletcher in 1911 wrote the first clear description of a case 
of infantilism associated with chronic renal disease. That the condi- 
tion is being increasingly recognized in recent years is attested by the 
many case reports and papers which have appeared, treating renal 
rickets as a disease entity; reviews of this extensive literature may 
be found in the papers of Barber (1921), Hunt (1927), Parsons (1927), 
Apert (1928), Mitchell (1930), Swart (1930), and Maddox (1932). 
While the symptomatology and pathology of the condition have been 
thoroughly described many times, the fundamental mechanism re- 
sponsible for the bone changes remains obscure. The purpose of this 
paper is to present arguments in favor of an hypothesis which attempts 
to explain something of the derangement of mineral metabolism in 
chronic nephritis and to account for the faulty skeletal development. 
Part of the material presented herein was incorporated in an earlier 
review {Mitchell (1930)] of Nephrosclerosis in Childhood. Experi- 
mental studies along the lines indicated in this discussion are in prog- 
ress and will be reported elsewhere in a later communication. 

In renal rickets the general symptoms are those of chronic nephro- 
sclerosis ; namely, polydipsia, polyuria, retarded development, wasting, 
pallor and secondary anemia. Acute symptoms of uremia of varying 
degree occur and recur from time to time, especially coincidentally 
with various intercurrent infections. The renal insufficiency in these 
eases is usually a consequence of chronic sclerotic nephritis, of cystic 
disease of the kidneys, or of obstructive congenital anomalies of the 
urinary tract. In most instances in which renal efficiency was tested 
the funetion was found to be markedly reduced, often as low as 1 per 
cent of normal (dye exeretion) and with inability to concentrate the 
urine. Skeletal changes varying in degree develop as a rule about 
the age of puberty. The age of onset of marked symptoms in most 
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cases is from ten to fourteen years, but cases in younger children are 
seen not infrequently. The bones of these children display a picture 
of poor calcification and osteoporosis of varying severity. On the 
basis of the roentgenologie picture Parsons (1927) divided his cases 
into groups designated the ‘‘atrophie’’ type, the ‘‘florid’’ type and the 
‘‘woolly, or stippled’’ type, respectively, but these types appear to 
represent varying degrees of osteoporosis rather than real qualitative 
differences in their pathologie changes. The chemical changes in the 
blood are those ordinarily associated with severe chronic nephritis; 
that is, elevated nonprotein nitrogen, elevated inorganic phosphorus, 
lowered serum calcium, lowered bicarbonate and a tendency to acido- 
sis. Explanation of the poor calcification of the bones in renal rickets 
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Fig. 1.—Graphic representation of data taken from the studies of seven nephritic chil- 
dren reported by Boyd, Courtney and MacLachlan (1926). 

has been sought most often in the chemical changes of the blood, 

especially in the abnormal concentrations of calcium and phosphorus 

which are found in the blood serum. 

Increased inorganic phosphorus in the blood in nephritis is gener- 
ally stated to be due to inability of the kidneys to excrete the waste 
endogenous phosphates of the body, but it must be recognized that the 
blood phosphorus level is not an index of the amount of phosphorus 
excretion or the lack of it, and that an elevated blood phosphorus level 
is not a true measure of phosphorus retention. The real inability of 
diseased kidneys to excrete phosphorus can be more accurately evalu- 
ated if the efficiency of renal excretion of phosphorus is tested di- 
rectly. Two studies may be cited in which such quantitative meas- 
urements have been made. Bolliger (1929) induced a form of slowly 
progressive sclerotic nephritis in dogs by exposing their kidneys to 
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high doses of roentgen rays. To test the renal efficiency for phos- 
phorus exeretion in these nephritie animals, he injected measured 
amounts of a buffered solution of sodium phosphate intravenously and 
determined the amount of phosphorus excreted in the urine during the 
sueceeding two hours. During the slow evolution (thirty to ninety days) 
of renal sclerosis and loss of funetioning kidney tissue which followed 
the irradiation of the kidneys, repeated tests showed a progressive 
deerease in the exeretion of phosphates from around 80 per cent of 
the amount injected to a ‘‘trace.’’ Tests with phenolsulphone- 
phthalein in the same animals showed a parallel decrease in the excre- 
tion of the dye. Brain and Kay (1929) also devised a quantitative 
test of renal excretion of phosphates which they believed gave an 
index of renal function more significant than the usual dye excretion 
tests. In a series of normal persons and nephritie patients they de- 
termined the hourly rate of urinary phosphorus excretion immediately 
before and immediately after the injection of a measured amount of 
sodium glycerophosphate. In a group of patients with the diagnosis 
‘‘ehronie nephritis, terminal stage,’’ the urinary excretion of the in- 
jected phosphate was markedly reduced, to between nothing and 
30 per cent of that amount excreted by the normal control group. 

In severe nephritis low serum calcium values have been found by 
Halverson, Mohler and Bergeim (1917), Denis and Hobson (1923), 
de Wesselow (1923), Fetter (1923), Rabinowitch (1925), Schmitz, 
Rohdenburg and Myers (1926), Boyd, Courtney and MacLachlan 
(1926) and many others. Among these investigators there is general 
agreement that in nephritis the serum calcium exhibits roughly an 
inverse relationship to the inorganic phosphorus; that is, the serum 
ealeium is usually low when the phosphorus is elevated. Experimen- 
tal evidence that inorganic phosphorus has a strong influence upon 
the level at which calcium is carried in the blood is furnished by 
experiments such as those of Binger (1917) and of Tisdall (1922) 
wherein it was demonstrated that in dogs the intravenous injection 
of phosphoric acid and its sodium salts caused a marked depression 
of the serum calcium. Other factors, of course, play important réles 
in governing the concentration of serum calcium; for example, a 
three-fold relationship of inorganic phosphorus, calcium and total 
protein of the blood serum has been defined by the studies of Peters 
and Ejiserson (1929). 

Laying stress upon the observations of low serum calcium values in 
renal rickets, several investigators have attempted to explain the 
faulty bone calcification in this condition by citing the hypothesis of 
Howland and Kramer (1921) that undersaturation of the blood serum 
with calcium phosphate might account for the bone changes of infan- 
tile rickets. According to the supporters of this hypothesis, the de- 
pression of serum calcium by the elevated inorganic phosphorus found 
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in the blood in renal rickets may account for the failure of caleium to 
be deposited in the bones. The empiric Ca x P product as used by 
Howland and Kramer to indicate the total concentration of calcium 
phosphate in the plasma has been used by different writers both to 
support and to discount that contention. Parsons (1927) extended 
this argument by calculating Ca x P ion products for some of his own 
eases and others collected from the literature, and attempted to show 
that the values for such ion products would be found to be in the 
range observed in infantile rickets if the dissociation constants re- 
ported by Holt, LaMer and Chown (1925) were used, taking into ac- 
count the lowered serum Py values observed in most of these cases. 
As an illustration of this, he took data from a ease in which Lathrop 
(1926) argued that the deformities were not true rickets because the 
Ca x P product was above the rachitie level: Lathrop’s data recaleu- 
lated with corrections for the very low serum Py value recorded in 
the published article gave an ion product compatible with true rick- 
ets. Parsons, however, took the single Py determination (Py 6.98) 
as characteristic of the reaction of this patient’s blood, while Lathrop’s 
record indicates that this value was obtained at a time when this 


patient was in a state of acute acidosis verging on uremia; certainly 


such a reaction could not have been characteristic of the blood of 
this patient in more normal periods, 

The studies of Hastings, Murray and Sendroy (1927) and others 
indicate that the theory of supersaturation of the blood plasma with 
calcium phosphate is inadequate to explain the processes of normal 
bone calcification. Even granting, however, the possible significance 
of serum Ca x P products in infantile rickets, it is probable that in renal 
rickets the Ca x P ion products will always, except perhaps in the 
presence of severe acidosis, be above what may be believed to indicate 
a significant reduction in the degree of saturation of the plasma with 
calcium phosphate. Since it seems unlikely that the actual concen- 
tration of either calcium or phosphorus in the cireulating blood of 
patients with renal rickets is ever too low to permit caleium deposi- 
tion in the tissues, it would appear that the defective bone develop- 
ment in this condition must be due to other underlying faults. Even 
in infantile rickets the blood chemical changes may be interpreted only 
as secondary manifestations of the disorder similar to the grossly vis- 
ible bone changes; the more fundamental fault is a failure of absorp- 
tion of calcium and phosphorus from the food in the intestine. With 
this in mind, it seems worth while to consider here a few factors 
which are known to affect the total calcium and phosphorus metabo- 
lism of the body, and especially the manner in which the absorption 
of calcium may be affected by certain conditions which develop in 
severe nephritis. 
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Phosphorus is one of the most important of those waste products 
which are, in health, ordinarily excreted by the kidneys. Normally 
in children the urinary phosphates represent about 50 per cent of the 
phosphorus intake, and, of the total output, about two-thirds leaves 
the body in the urine and about one-third in the feces. Many factors 
and events concomitant with nephritis, such as intercurrent infections, 
acidosis, ete., are known to increase cell catabolism and the libera- 
tion of phosphorus from the body in amounts more than normally ex- 
ereted. What, then, must be the conditions in severe nephritis with 
poor renal function when those waste endogenous phosphates cannot 
leave the body by the usual route of the kidney? Even in the most 
marked states of nephritie acidosis the increased amount of phosphorus 
in the blood is too small to indicate an accumulation of the large 
amounts of phosphates which are ordinarily exereted in the urine. 

Experimental studies of calcium and phosphorus metabolism fur- 
nish evidence that the intestine has the ability to secrete both calcium 
and phosphorus int considerable amounts [Bergeim (1926)]. In the 
few published studies of calcium and phosphorus metabolism in neph- 
ritic children that are available, evidence also may be found that in 
nephritis with impaired renal function the intestinal secretion of phos- 
phorus may be increased by the waste endogenous phosphates escap- 
ing from the body through this route. That the increase of intestinal 
phosphates by such a change in the route of phosphorus excretion may 
indirectly have a deleterious effect can be surmised from the fact that 
these waste phosphates are in forms well suited for precipitating 
calcium in the intestinal tract. As will be noted in the succeeding 
paragraphs, even under normal conditions if the concentration of 
phosphates in the intestine is greatly increased by a high phosphorus 
intake in the diet the absorption of calcium is interfered with, pre- 
sumably by the formation of insoluble calcium phosphates. If the 


intestinal contents have added to them those waste endogenous phos- 
phates which ordinarily leave the body in the urine, a similar effect 
of diminished calcium absorption may well be expected. Should the 
exereted intestinal phosphates be in sufficient amount to interfere con- 


siderably with calcium absorption, it should also be expected that 
continued calcium deprivation will result in general systemic mani- 
festations of a lack of calcium in the body. The argument that a 
disturbance of calcium metabolism of such a nature can occur and 
can account for the poor skeletal development seen in renal rickets is 
supported by various observations cited in the following paragraphs. 

Experimentally, rickets is easily produced in rats (in the absence 
of ultraviolet light or vitamin D) by diets which have either a high 
calcium and low phosphorus content or a low calcium and high phos- 
phorus content. A high calcium, low phosphorus diet induces rickets 
in rats which is characterized by chemical changes in the blood simi- 
lar to those found in human infantile rickets; namely, normal serum 
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ealeium and low inorganic phosphorus. On the other hand, a low 
calcium, high phosphorus diet induces rickets characterized by low 
serum calcium and high inorganic phosphorus. Food metabolism stud- 
ies done on such experimental animals make it apparent that a relative 
excess of either calcium or phosphorus in the diet will interfere with 
the absorption of the other from the intestine, by the formation of 
insoluble calcium phosphates which, unabsorbed, leave the body in 
the feces. It may be noted here that Shipley, Park, McCollum and 
Simmonds, in 1922, in a paper entitled ‘‘Is There More Than One Kind 
of Rickets?’’ discussed these two types of experimental rickets in 
relation to certain forms of rickets observed clinically, and described 
a ease of renal rickets in which they thought the changes resembled 
those of the ‘‘low calcium’’ type of rickets which they had induced in 
rats by the low calcium diet. 

In agreement with such observations in experimental animals there 
have been reported a few studies in normal human infants which 
indicate that here too an excessive intake of either caleium or phos- 
phorus may interfere with the absorption of the other element from 
the intestine. Of such studies, those of Orr, Holt, Wilkins and Boone 
(1934) are probably the clearest. They observed two infants during 
three metabolism periods of four days each, with intervals of rest be- 
tween, giving in the successive periods a normal diet, a high caleium 
diet and a high phosphorus diet. With the high calcium die} more 
calcium was retained, the serum calcium rose where it had been low 
and more calcium was excreted in the urine; phosphorus retention 
was diminished, considerable amounts of phosphorus were diverted 
from the urine to the stools and the serum phosphorus was lowered. 
With the high phosphorus diet there was no increase in the phosphorus 
retention and in one case the phosphorus retention diminished. The 
calcium retention was markedly decreased, with a great increase in 
the feeal calcium and decrease of the urinary calcium. In one case 
there was a definite fall in the serum calcium. 

The studies of Boyd, Courtney and MacLachlan (1926) of caleium 
and phosphorus metabolism in nephritis furnish data which indicate 
that there was a changed route of phosphorus excretion in a group of 
nephritie children who seemingly had comparatively mild renal im- 
pairment. In their group of fifteen children with nephritis of various 
types, the first seven cases were described as having no edema and 
having a tendency to elevation of the phosphorus and depression of 
the calcium in the blood serum; changes comparable to those found in 
patients with renal rickets. The data from these seven cases are pre- 
sented graphically in Fig. 1, arranged in the order of increasing daily 
fecal phosphorus excretion and of decreasing urinary phosphorus ex- 
cretion. Arranged thus, without regard to other factors, it may be 
seen that there was roughly a reciprocal relationship between the 
amounts of phosphorus excreted in the urine and in the feces, and 
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that as the phosphorus excretion was greater in the feces the increas- 
ing amounts of calcium lost in the feces were about proportional to 
the increasing fecal phosphorus. 

In a study of calcium and phosphorus metabolism in a group of 
eleven nephritic children Ford (1931) found a similar deviation in 
the excretion of phosphorus from the urine to the feces, with losses 
of calcium in the feces closely parallel to the feeal excretion of phos- 
phorus. For comparison, Ford collected from several sources in the 
literature the data on calcium and phosphorus metabolism studies of 
twenty-two normal children. In this group the feeal phosphorus 
amounted to 30.3 per cent of the intake and 39.2 per cent of the total 
output; the fecal calcium excretion was 64.7 per cent of the intake 
or 91 per cent of the total output. In Ford’s group of eleven nephritic 
children (various diagnoses, and of varying severity of the nephritis) 
the fecal phosphorus was 54.2 per cent of the intake or 62.3 per cent 
of the total output, while the feeal calcium excretion was 78 per cent 
of the intake or 97:4 per cent of the total output. ‘‘Thus, an increase, 
relative and absolute, is found in both the calcium and phosphorus 
contents of the feces, of which the increase in phosphorus is relatively 
the greater.’”’ 

Data from mineral balance studies of three nephritic children, 
which were made available through the kindness of Dr. L. Schoenthal 
in a personal communication, also give evidence of an increased ex- 
eretion of phosphorus in the feces. These figures were published in 
the review of nephrosclerosis previously cited [Mitchell (1930) ]. Dur- 
ing the period of study, in Schoenthal’s patients the fecal phosphorus 
represented respectively 50 per cent, 65 per cent and 75 per cent of 
the total phosphorus output. In two of the children there was a nega- 
tive phosphorus balance, with the fecal phosphorus amounting re- 
spectively to 90.6 per cent and 112.9 per cent of the phosphorus 
intake. The child in whom the fecal phosphorus was actually in 
excess of the phosphorus intake during the period of study, was suf- 
fering from renal rickets, the case reported by Schoenthal and Burpee 
(1930). 

As previously stated, many circumstances commonly arising in 
nephritis tend to increase cell catabolism and to liberate phosphorus 
from the body in amounts greater than normally excreted; and with 
poor renal funetion, all such factors make it more difficult for the 
nephritie child to maintain normal calcium and phosphorus metabo- 
lism. The intoxications of bacterial infections increase cell catabo- 
lism, and the nephritic is frequently thrown into mild or severe acido- 
sis by various intercurrent infections which would be of slight 
significance to the person with normal kidneys. In subjects with 
normal renal function, states of acidosis induced in many ways are 
attended with marked phosphaturia: carbon dioxide acidosis induced 
by rebreathing and the lactic acid acidosis of muscular exercise 
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[Havard and Reay (1926)] ; acidosis induced by the ingestion of am- 
monium chloride or other acid substances [Haldane, Hill and Luck 
(1923) and Morris (1930)]; ketosis induced by a high fat, low carbo- 
hydrate diet [Nelson (1928) ] ; diabetic acidosis [von Noorden (1907) }. 
Haldane, Wigglesworth and Woodrow (1924) and Kay (1924) showed 
that in ammonium chloride acidosis the labile organic acid-soluble 
phosphorus—the so-called ester-phosphorus fraction—in the blood 
cells was markedly reduced, and presumably was the source of a 
considerable part of the increased phosphate lost in the urine. The 
mechanism by which the phosphates are released from the body in 
response to acidosis is not clear, but it is significant that certain of the 
labile organic phosphorus compounds in the cells of the body tend to 
split readily to yield inorganie phosphorus when the reaction of their 
surrounding fluids is changed even slightly toward inereased acidity 
|Martland (1925)]. In some studies of the behavior of phosphorus 
during glycolysis, in blood taken from nephritic patients in severe 
states of acidosis, hydrolysis of the organic acid-soluble phosphorus 
of the blood cells with liberation of inorganic phosphorus has been 
observed to cecur much more rapidly than in normal blood [Guest 
(1932) ]. In the nephritic patient with marked renal insufficiency each 
of these various circumstances which results in increased liberation 
of phosphorus from the body may impose a further handicap upon 
the absorption of calcium if the extra phosphates are excreted into 
the bowel. Parsons (1927) and others point out that in states of aci- 
dosis there is also an increased mobilization of calcium stored in the 
bones. Repeated transitory disturbances such as these can easily 
account for the picture of ‘‘flux between healing and relapse’’ which 
Shipley, Park, MeCollum and Simmonds (1922) deseribed as charac- 
teristic of the bone changes in renal rickets. 

Examples may be cited of substances other than phosphorus which 
interfere with absorption of calcium from the intestine, with conse- 
quent deleterious effects of calcium deprivation. It has been shown 
that high fat intake or poor utilization of fats and fatty acids results 
in the formation of insoluble calcium soaps in the intestine and in- 
creased output of calcium in the feces [Lindberg (1917), Givens (1917), 
Sawyer, Baumann and Stevens (1918), Holt, Courtney and Fales 
(1920) and Telfer (1926)]. Such losses of calcium can account for 
the low calcium type of rickets and osteoporotic changes commonly 
observed in celiac disease as well as in other forms of chronic steator- 
rhea. Parsons (1927) has described the gross similarities in the bone 
changes of renal rickets and celiae rickets. 


SUMMARY 


In types of nephritis characterized by relative inability of the kid- 
neys to excrete phosphates, there exists a considerable amount of 
evidence that the waste endogenous phosphates of the body which are 
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ordinarily found in the urine may be excreted through the bowel, and 
that the phosphates thereby increased in the intestinal contents can 
interfere with the absorption of calcium by the formation of insoluble 


calcium phosphates which, unabsorbed, leave the body in the feces. 
It is suggested that long-continued partial starvation of caleium re- 
sulting from this metabolic fault is principally responsible for the 
condition known as renal rickets; that is, the low calcium type of 
rickets seen accompanying marked renal insufficiency in growing 
children. 
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THE ALLEGED CORRELATION BETWEEN THE RATE OF 
GROWTH OF THE SUCKLING AND THE COMPOSITION 
OF THE MILK OF THE SPECIES 


GROVER EF’. Powers, M.D. 
New HAvEN, CONNECTICUT 


ype the last quarter of the Nineteenth Century Professor Bunge? 
of Basel and his pupils, Préscher* and Abderhalden,* * * * * be- 
‘ame greatly interested in a relationship between the composition of 
milk, the composition of the body of the suckling and its rate of growth. 
Attention was also called to the observation that as the suckling grows 
the composition of its tissues changes and that a corresponding change 
occurs in the milk supplied by the mother. The chemical analyses and 
correlations had to do principally with protein and the inorganic con- 
stituents, particularly calcium and phosphorus. 

In respect to the relationship of the analyses of milk to those of the 
body of the suckling the summary by Abderhalden® is as follows: 
‘*Exeept as regards the composition of the human infant and human 
milk, we find by a comparison of the corresponding values that there 
is a striking agreement between the ash of the young animal and that 
of the milk. In the ease of human beings, however, we do not find any 
such agreement. Bunge explains this fact by the assumption that the 
ash content of milk has not only the task of building up tissue, but also 
serves in the preparation of the excreta, especially the urine. The 
more rapid the growth of the suckling, the less apparent will be the 
influence of the latter function. It is, therefore, in general not to be 
expected that the percentage of composition of the milk of the infant 
will agree so closely in the ease of human beings as with animals, such 
as dogs, rabbits, and guinea pigs, which require the mother’s milk for 
but a short time after birth, but are soon placed upon a diet of green 
fodder. It is easy to see that a milk corresponding closely to the chemical 
composition of the young as regards the inorganic constituents will be 
more suitable for animals which develop very rapidly, whereas with the 
species which develop more slowly, the building up of the separate tissues 


does not take place so uniformly and there are not so many changes tak- 


ing place at the time when the growing organism changes to another 
source of nourishment’’ (p. 369). 

The alleged correlation between the composition of milk in respect to 
protein, ash, calcium and phosphorus and the rate of growth of the 
suckling is shown in a table by Abderhalden’ (Table I). 

From the Department of Pediatrics, Yale University School of Medicine. Presented 
in abstract before The American Pediatric Society, Thirty-eighth Annual Meeting, 
1926.2 
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TABLE I 


THE ABDERHALDEN TABLE 


~100 PARTS BY WEIGHT OF MILK CONTAIN: 





| DAYS REQUIRED | 
SPECIES TO DOUBLE ~ — PHOSPHORIC 
BIRTH WEIGHT | ALBUMIN ASH LIME pon 
| 


Man 180 ’ 0.2 0.0328 0.0473 
Horse 60 f 0.4 0.124 0.131 

Cow 47 , 0.7 0.160 0.197 

Goat 22 ‘ 0.7713 0.1974 0.2840 
Sheep 15 : 0.8406 0.2453 0.2928 
Pig 14 . 0.8071 0.2489 0.3078 
Cat 94 1.02 ~ _ 
Dog 9 1.3282 0.4545 0.5078 
Rabbit 6 2.4998 0.8914 0.9967 




















On this table Abderhalden comments as follows:' ‘‘It is to be as- 
sumed @ priori that an animal which develops rapidly will require more 
building material than one whose development is slower. If we com- 
pare the time required by the suckling to double its weight at birth 
with the amounts of albumin and ash—perhaps the most essential con- 
stituents for the formation of the tissues—contained in 100 parts of 
milk, it is evident at a glance that the amount of these increases in 
proportion as the development of the animal is rapid’’ (p. 404). ‘‘The 
fact that the milk of different species of animals varies greatly is of 
much significance. The composition of the milk evidently has an effect 
upon the rate of development of the suckling. It is natural to expect 
that the richer the milk is in its organie and inorganie constituents, the 
more rapidly the suckling is able to build up its tissues. If the milk of 
different species of animals all had the same composition, then the de- 
sired effect could be produced only by means of a much greater produc- 
tion of milk, and similarly a correspondingly greater quantity would 
have to be taken into the system of the suckling’’ (p. 655). 

That all biologists did not interpret these interesting data as Abder- 
halden did is shown by the following quotation from Professor C. S. 
Minot’s book on ‘‘The Problem of Age, Growth and Death’”: ‘‘This 
looks at first sight as if there were a relation between the composition 
of the milk and the period of growth of the animal; but you know very 
well that if you take the milk of a cow, which is very much richer in 
proteid material, and feed it to a baby, a human baby, that baby does 
not grow at the same rate as the young cow, but grows at the human 
rate. It is obvious, therefore, that it is somewhat more complicated than 
a mere question of food supply. We have here in fact one of the beauti- 
ful illustrations of the teleological mechanism of the body. These various 
species have their characteristic rates of growth, and by an exquisite 


adaptation, the composition of the mother’s milk has become such that it 


supplies the young of the species each with the proper quantum of 
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protein material which is needed for the rate of growth that the young 
offspring is capable of. It is a beautiful adjustment, but there is not a 
sausal relation between the proteid matter of the mother’s milk and the 
rate of growth of the young. It is an example of correlation, not of 
causation. ’’ 

The Abderhalden Table is reproduced with varying degrees of con- 
sideration in many standard treatises dealing, from one approach or 
another, with nutrition. One may cite as examples the textbooks of 
Czerny and Keller,’® Finkelstein,*! Pfaundler and Schlossmann," 
Heubner,'* Langstein and Nassau,"* Lusk,'* Sherman,'’ Starling,’ Ham- 
marsten,'® and Marfan.** 

As the result of a study by the author in 1925 entitled ‘‘ Comparison 
and Interpretation on a Calorie Basis of the Milk Mixtures Used in In- 
fant Feeding’”® it seemed pertinent to apply the same method of evalua- 
tion to the data of the Bunge-Abderhalden-Préscher investigations. A 
few quotations from this paper will give background and the method of 
study: ‘‘The ‘formulas’ of the food mixtures used in infant feeding 
are ordinarily expressed as the proportions by weight or volume, which 
the various food components are of the total mass of the food—the so- 
‘salled ‘percentage system.’ So formulated, certain similarities and 
differences in foods may be suggested in a vague way but the essential 
fact inherent in ‘the percentage system,’ namely, that the values of 
the nutrients are ratios which express only degree of concentration, is 
often lost sight of. For comparative purposes, especially, it is difficult 
to perceive significant facts from small, often fractional, percentage 
values of protein, carbohydrate and fat which shift with changes in 
volume. More helpful data would be apparent if water were disre- 
garded and the food constituents were expressed as proportions of the 
solids in the mixture. Protein, carbohydrate, fat and salts would then 
be shown as they are related to each other independent of their relation 
to the diluent.”’ 

‘* Although it is possible to establish a satisfactory means of compara- 
tive study of various foods on a quantitative basis, it is advisable to go 
further to a more fundamental unit for a common currency in infant 
feeding. The ealorie is the unit used everywhere by physiologists in 
the investigation of problems of nutrition. Itself a measure of energy, 
the calorie is used constantly in metabolism studies.’’ As a physiologic 


unit, the calorie ‘‘is greatly superior to the gram as the unit to which 
the protein, carbohydrate and fat food components may be reduced. 
The calorie is a least common denominator of all energy-yielding food 


, 


constituents and their derivatives.’’ . . . ‘‘ Briefly stated, in the analyses 
and comparisons of milk mixtures described in this paper, the total 
ealorie value of a given amount of the food as fed is estimated, and the 
pereentage relationships which exist between the total calories and the 
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calories of protein, of carbohydrate and of fat are then determined. 
Thus, the energy-yielding components are expressed and compared with- 
out confusing alliances with volumetric data.’’ 


‘*In regard to the salt content of infant feeding mixtures, it may 


be stated that in general the mineral constituents of most of them 
parallel the milk content. When milk is diluted with water and the 
requisite calories of a milk mixture are made up with salt-poor food com- 


ponents, the actual mineral intake is greatly reduced. The salt content 
of milk mixtures may be so expressed to bring out its relationship to the 
total energy value of the food or to that of any one of the food com- 
ponents.’’ For example, in human milk—on the basis that 100 ¢.c. con- 
tain 200 mg. of inorganic salts and have an energy value of 64 calories 
of which 4.6 are supplied by protein—there are 3.1 mg. of ash for every 
ealorie of milk and 43 mg. for every calorie of protein. The individual 


electrolytes may be similarly treated. 


DATA 


In Table LI-A I have added to the Abderhalden Table (leaving out the data on 
calcium and phosphorus) the figures for lactose and fat which were given in the 
original analyses on which the table was based.2.3,4,5, 6 Then in Table II-B, 
I have set down computations of the calories per 100 ¢.c. of milk, the percentage of 
these calories in protein, carbohydrate and fat and the milligrams of ash per 
ealorie of milk. These data are graphically shown on Chart 1. 

In Table III I have set down data corresponding to those set forth in Table II 
but concerned only with milks used in human dietary in one country or another.* 
These data are shown graphically in Chart 2. Similarly, in Table IV, are set 
forth data concerning the milks of animals rarely studied. It should be pointed 
out that in Tables I, II and IV there are analyses of milks which because of the 
inherent difficulties in sampling may well be inaccurate as indicative of the composi- 
tion of the average mature milk of the species. It was for this reason that Table III 
was developed with the thought that the analyses there given were concerned with 
milks more or less extensively used in certain localities and samples were, therefore, 
available which are truly representative of the mature milk of the species. 

In Table V are data showing the rate of growth of the female young of various 
breeds of dairy cattle and the composition of the milks of the breeds. In addition, the 
ealories per 100 ¢.c. of milk have been computed and also the percentage of these 
ealories in protein, lactose and fat. 

The studies of the ash of various milks are set forth in Tables VI, VII and 
VIII. In Table VI, the Bunge-Abderhalden-Préscher data are set forth in respect 
to the milligrams of ash per calorie of milk and per calorie of protein; also the rela- 
tion of ‘‘lime’’ and ‘‘phosphorie acid’’ to calories of protein. In Table VII 
are set forth for those milks enumerated in Table III, the relationship of total ash 
and of six of the most important constituents, quantitatively speaking, to calories 
of milk. Table VIII gives the data with respect to the same milks of the relation- 
ships of the total ash and of the same six constituents of the ash to calories of 


protein. 
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Chart 1.—Based on data in Table Il. Graphs show caloric value per 100 c.c. of 
milk of species shown in Abderhalden Table and percentage of calories in protein, 
carbohydrate and fat; also, milligrams of ash per calorie and days required by suck- 
lings to double birth weight. 


TABLE II 


THe ABDERHALDEN TABLE WITH ADDITIONAL DATA AND COMPUTATIONS 


A B 

DAYS RE- CAL- 

QUIRED TO PER CENT OF SOLIDS IN ORIES 

SPECIES DOUBLE PER _ bt CALORIE 
BIRTH 100 | l ec : 

WEIGHT | PROT. | CARB. PAT | ASH | go, | PROT.| CARB.| FAT | OF MILK 

Man 180 |16 |61 | 34 | 0207 61 10 40 3.2 
Horse 60 | 20 | 5.7 1.2 | 0.40 42 19 55 9.5 
Cow 47 | 3.5 4.9 3.7 0.70 67 | 20 30 f 10.4 
Goat 22 3.67 | 3.61 | 4.33 | 0.77 68 | 21 22 f : yes 
Sheep 15 4.88 | 5.04 | 9.29 | 0.84 : 17 17 36 6.8 
Pig 14 §.21 | 3.3 9.54 | 0.80 , 18 11 6.7 
Cat 9} 7.00 | 4.78 | 4.75 | 1.02 90 | 30 22 11.3 
Dog 9 7.44 | 3.24 {11.62 | 1.32 20 9 9.0 
Rabbit | 6 10.38 1.98 {16.71 | 2.49 | 2 21 4 | ‘ 12.5 


PER CENT OF TOTAL MG. ASH 
CALORIES IN PER 
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TIME IN DAYS REQUIRED 
TO DOUBLE BIRTH WEIGHT. 


@©—@ CALORIES PER 100 C.C.OF MILK. 


Chart 2.—Based on data in Table III. Graphs show caloric value per 100 c.c. of 
milk used in human dietary and percentage of calories in protein, carbohydrate and 
fat: also milligrams of ash per calorie and days required by sucklings to double birth 
weight. 


TaBLe IIT 


A New TaBLe BASED ON DATA PROM THE LITERATURE AND FROM PERSONAL CoM- 
MUNICATIONS: THESE Data HAVE To Do ONLY WITH MILKS 
Usep IN INFANT FEEDING 
iS RE- : ‘ /CAL- |PER CENT OF TOTAL |... 
pecenees onl PER CENT OF SOLIDS IN | ORIES egret | =. 46m 
SPECIE ‘seus E or, i PER so — 
SPECIES sE L 
re ; cae —- a A LORIE 
BIRTH | 100 CALOR. 
WEIGHT | PROT.| CARB.| FAT | ASH | Gq | PROT.| CARB.| PAT | OF MILK 
Man 150 115 | 7.5 | 3.26 : ~ 64 7 47 | 46 
Water 100 6.03 | 3.74 |12.46 | 0.! 151 16 9 | 75 
| 


mq ww) 


Buffalo 
Cow 66-76 
Ass 45-60 
Horse 42 
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Sheep 
Camel 
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TaBLE V 


DATA CONCERNING THE COMPOSITION OF MILK AND RATE OF GROWTH OF VARIOUS 
BREEDS OF Datry Cow 





DAYS RE- . 
QUIRED TO ee PER CENT OF TOTAL 
| PER CENT OF SOLIDS IN PER 
DOUBLE | 100 cc. CALORIES IN 
BIRTH la le ae —— 
ASH alienceees PROT. | CARB.| FAT 
Holstein 76 a2 145 1 & 0.68 62 | 20 | 50 
Shorthorn 73 3.3 | 4.8 3.6 | 0.73 65 20 =| 50 
Ayrshire 69 3.3 | 5.0 3. 0.69 68 | 20 | 29] 51 
. 3.8 5. 0.75 81 18 E 57 
0.75 80 20 5 | 55 


BREED OF 
cow 





Jersey 66 
Guernsey - 3.8 





THe RELATIONSHIP OF TOTAL ASH TO CALORIES OF MILK AND or ToTaL AsuH, ‘‘ LIME’? 
AND ‘‘ PHOSPHORIC AcID’’ TO CALORIES OF PROTEIN ACOORDING TO 
BUNGE-PROSCHER-ABERHALDEN DATA 
CAL. PER | MG ASH | rence Ba MG. OF MG. OF | MG. OF 
one PER | - ASH PER | LIMEPER |PHOS. ACID 
PER 100 


SPECIE 00 -C. 
woes = hens | CALORIE | ‘Cc. op | CALORIE | CALORIE [PER CALORIE 
~ | OF MILK | - n K _| OF PROTEIN/ OF PROTEIN OF PROTEIN 


‘ 
16 
14 
19 
15 
14 


Man 61 3.5 64 33 
Horse 42 9. 8.0 50 
Cow 67 10. 14.0 50 
Goat 68 11. 14.68 | 51 
Sheep 123 6.8 19.52 | 42 
Pig 120 6. 20.84 | 38 


oll apd andl oie 
tow toe Cr 


Cat 90 1L.é 28.0 36 — — 


17 


Dog 147 9. 29.76 | 44 
24 


Rabbit 200 12.! 41.52 60 


nore 
moO 


TABLE VII 


THE RELATIONSHIP OF THE TOTAL ASH AND SoME or Irs CoNSTITUENT ELECTROLYTES 
To CALORIES OF THOSE MILKS TABULATED IN TABLE III 


| CAL. PER MG. PER CALORIE OF MILK OF 
SPECIES 100 €.c. | poraL i im iG 
OF MILK ASH 
Man 64 3 0.20 0.72 0.11 | 0.54 
Water Buffalo 151 6 0.36 2.0 0.18 2.0 
Cow 65 11 2.75 0.78 2.6 | 0.31 
Ass 45 9 4 0.38 | 2.89 0.20 2.65 
Horse 42 9 | 2.45 | 0.33 2.93 0.29 3.1 
Reindeer 223 5 79 | 0.87 1.36 0.14 1.64 
Goat 65 12 | 2.0 0.95 3.03 | 0.94 4.37 
Sheep 97 9 | 222 | 040 | 285 | 0.13 | 2.77 
Camel 66 7 1.4 0.27 | 2.04 | 0.21 | 2.29 


NA,O | CAO MGO P.O, 





ANALYSIS OF DATA 
Despite possible inaccuracies in certain data there is one finding of 
striking constancy in the analyses as tabulated; namely, most milks have 
about 20 per cent of the total calories in protein. There are exceptions 
but the only one which is certain is human milk which has less than 
10 per cent of its total calories in protein. It would seem from Table 
IV that in this respect the milk of the elephant is very much like human 
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TasBLe VIII 


THE RELATIONSHIP OF THE TOTAL ASH AND SoME oF Irs CONSTITUENT ELECTROLYTES 
TO CALORIES OF PROTEIN OF THOSE MILKS TABULATED IN TABLE III 


CAL. OF MG. PER CALORIE OF PROTEIN OF 
PROTEIN | __ iti ga int aad SE a 
SPECIES PER 100 | 
C.c. OF | 
MILK | 


Man a 4.60 43 13.2 | 2.8 9.9 
| 


— , | 
Toran | _. | _ | 
aso | ™:0 | NA, | cao | MGO | P.O, 


iw 


12. 


om 


Water Buffalo 24.12 | 5.4 
Cow 13.12 55 «| «(13.6 3.9 12.9 
Ass 7.28 | 58 | 14.0 2.3 | 17.8 
Horse 8.8 > | 11.7 | 16 | 14.0 
Reindeer 444 | 2 3.9 | 4.4 6.8 
Goat 12.72 | 6 10.2 | 49 15.5 
Sheep 23.32 | ; 9.3 1.69 11.9 
Camel | 11.68 79 | 15 | 115 | 


*The sources of the data on which Tables III, IV, V, VII and VIII are based will 
be found following the summary. 
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milk. In this Table I have set forth three analyses of elephant’s milk; 
although there are variations, chiefly in the amounts of fat, nevertheless, 
the percentage of total calories in protein in all three caleulations is be- 
low ten. The striking fact remains that in analyses the essential ae- 
euracy of which in all respects one has little reason to question, human 
milk stands apart from that of all other species examined in respect to 
the percentage of total calories in protein. 

Out of these observations comes another; namely, that there is no cor- 
relation between the rate of growth of the suckling and the protein- 
calorie relationship. Indeed, if there is any correlation in this domain 
at all it is closer between rapidity of growth and the calorie concentra- 
tion of the whole milk than between any other two variables in the data. 
But this correlation, while suggestively close in Table IT and Chart 1, 
is vitiated when one studies the data in Table III and Chart 2. For 
example, the reindeer calf doubles its birth weight in one-third the time 
required by the water buffalo ealf, but the mother of each suckling 
supplies milk of very high ealorie value. 

In all of these matters the factors of maturity of the suckling, total 
caloric requirement and quantity of milk taken per diem must be kept in 
mind. Climate seems to play no réle when one observes, in the example 
of the reindeer and water buffalo just cited, that one animal is arctic 
in its habitat and the other tropical. Within the species itself, there are 
considerable variations in composition of milk and in rapidity of growth. 
One has but to observe the variations in the composition of the milk of 
different breeds of dairy cows and the different rates of which the female 
‘calves of such cows grow (Table V). 

One might also call attention to the type of body covering of the 
different animals under consideration. In some the skin is bare, in 
others covered by hair and in others, by wool. The cystine content of 
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some samples of hair is high, but the milks showing a high percentage of 
the total calories in protein are those in which, for the most part, casein 
is the predominant milk protein and casein is low in ecystine.* 

Apparently there is no correlation between the protein-total calorie 
relationship and the quality of the protein so far as albumin and casein 
content is concerned. In the milks of the species listed in Table III 
(no data for llama) casein is greatly in excess of albumin excepting in 
that of man and ass.”° 

It would be of great biological interest if a study of the milks of 
the various primates could be made along the lines here suggested. If 
some of the milks showed the protein-total calorie configuration character- 
istic of human milk, while others showed the pattern so characteristic 
of all the other milks here studied, the matter might have phylogenetic 
significance. In Table IV I have given the only analysis of the milk of 
a primate (Mangabey) of which I have knowledge. Eighteen per cent 
of the calories are in protein. 

When one turns from a consideration of protein to that of the rela- 
tion of the ash and of its individual constituents to the total calories 
(Tables VI and VII) one finds little correlation of these data with rate 
of growth. If the ash is expressed as milligrams per calorie of milk, the 
ash of human milk is lower than that of any other of the animals studied. 
If one expresses the total ash as milligrams per calorie of protein 
(Tables VI and VIII), there is, perhaps, less extreme variation. If one 
excepts the data concerning reindeer milk, the range of variation be- 
tween the lowest (37) and highest (60) values is 23; this, of course, 
does not approach so nearly a constant in the ash-ealorie correlation as 
is indicated above to be true of the protein-calorie relationship. If one 
studies the ash-calorie relationship of each of the individual electrolytes 
of the total ash (Tables VI, VIT and VIII), no constancy for the values 
for each species in relation either to calories of milk or to calories of 
protein is obvious. In general, one would expect and does find a more 
constant correlation between ash and protein calories than between ash 
and total milk calories. It is possible, however, that the electrolytes are 
more closely related to protein itself than to nutritional requirements 


*The body coverings of the animals discussed in this paper are a matter of com- 
mon knowledge with the possible exception of facts concerning water buffaloes and 
elephants. 

Concerning the water buffalo, C. O. Levine” writes as follows: “The mature animal 
has very little hair on its body. The sides, back and thighs of the animal are almost 
bare of hair. The shoulders and knees have the most hair, where it is about 2 to 
3 inches long. The buffalo calves are born with a rather heavy coat of long, rather 
soft, dark hair all over the body, which gradually disappears after one year of age is 
reached and is replaced by shorter and coarser hair, thinly distributed over the body.” 

Concerning the elephant, G. H. Evans™ writes as follows: “The hairs are bristly 
in character, stiff to the touch, and firmly rooted, and are more abundant in certain 
localities. In the adult they are numerous on the forehead, lower lip, upper lip, orifices 
and the ears and end of the tail. On the latter they are larger and stiffer in char- 
acter, and grow from the anterior and posterior borders and tip, extending much 
higher up on the anterior, where they are usually longer. Young elephants usually 
have much more hair about them than adults.” 

One may perhaps emphasize the point that in respect to paucity of hair the in- 
fant and baby elephant are as closely related as the milks of their mothers seem to be 
in protein-total calorie proportions. 
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as such. It is only suggested, then, that while the ash of human milk 
is very low in relation to total energy value, the figures expressing 
the relationship of ash to protein energy for the milk studied, al- 
though not constant, are strikingly near the same order of magnitude. 

In contrast to the constaney exhibited by the protein fraction of the 
total energy value of the milks studied (that of the human being ex- 
cepted) the proportions in sugar and fat show the most extreme varia- 
tions from the very high fat and low sugar of reindeer and water buffalo 
milk to the low fat and high sugar of the milk of the ass and of the horse. 

Likewise, there are wide variations in the water content of these milks 
as shown by the extreme fluctuations in the calorie value per 100 c.c. 


GENERAL COMMENT 


The primary nutritional requirement of the organism is energy. It 
seems to the author that although the biological significance of the data 
submitted in this paper is obseure, the facts may be linked with some of 
the so-called ‘‘laws’’ of energy metabolism. 

Rubner formulated the law that metabolism is proportional to the 
superficial area of the animal. Even with variation associated with 
species, degree of maturity, growth, size and sex, it is remarkable how 
narrow is the range through which this proportion moves. Man, ap- 
parently, is not an exception to this law. 

‘*Rubner finds in all species the constant retention of approximately 
the same percentage of the energy ingested, which averages 34.4 per 
cent, except in the case of man, in whom the energy retained for growth 
is only 5.2 per ecent’’ (Lusk, p. 571). 

Furthermore, Rubner formulated a ‘‘law of constant energy ex- 
penditure’’ as follows: ‘‘The amount of energy (calories) which is 
necessary to double the weight of the newborn of all species (except 
man) is the same per kilogram no matter whether the animal grows 
quickly or slowly’’ (Lusk,* p. 567). 

To these formulations, none of which, of course, are mathematically 
rigid, may be added from this study the statement that instead of the 
rate of growth of the suckling being correlated with the amount of 
protein and salts in the mother’s milk, the facts seem to be; (1) that for 
many sucklings,* infants excepted, the proportion of the total energy 
intake in protein is the same for all species (20 per cent) when the sole 
source of food is the mother’s milk; and (2) that the inorganic salts 
in relation either to the milk or protein calories, while not constant, 
shows no correlation whatever with the rate of growth of the young. 

One may ask to what extent a prolonged period of immaturity in the 
infant enters as a factor in this matter. Certainly, under natural condi- 
tions, the young of all the animals studied receive other food than the 


*I refer, of course, only to the sucklings of those species of animals studied in this 
paper in whom acceptable analyses of milk are available. 
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mother’s milk at an earlier age than does the infant. The question 
raised cannot be answered here, but I should like to call attention to the 
interesting chart of Brody** (Chart 3, Lusk,”® p. 570), which shows 
a remarkably constant pattern for the growth curve of a number of 
animals; but when the growth curve of man is plotted on the same 
basis the exceptional nature of the human curve is brought out. How- 
ever, this eccentricity of the human curve is evident only for the long 
period prior to puberty. This exceedingly long period of development 
for the human young between birth and puberty seems to have laws 
peculiar to itself. 
Age of Antmaie in Manths 
4 ° 


t t t 





Fowi 
Rabitbs 
Sheep 


Swine 


kit-t) Scale 

Chart 3.—Age of animals in months—The growth curves of all domestic animals 
have the same shape, and there are no graduations between man and animals. It 
is extremely desirable to determine the position of growth curves of primates other 
than man with respect to man on one hand and other animals on the other. The 
upper axes represent ages in absolute units (months for animals and years for man). 
C represents conception and B, birth. The numerals on the lower axis represent rela- 
tive units (Brody). 


Whatever may be the biological significance of the constancy which 
the protein fraction of the total energy value of the milks of many 
species of animals exhibits, the fact that human milk is a striking ex- 
ception may be a phenomenon associated with what Professor Lusk 
valled ‘‘the biological distinction of the protoplasm of the growing hu- 
man being, which separates it from that of the lower mammals’’ ( Lusk,” 


p. 572). 
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SUMMARY 


The data of Abderhalden showing an alleged correlation between the 
rate of growth of sucklings and the protein and ash of the milk of the 
species have been analyzed from the standpoint of the percentage of the 
total calories in protein, carbohydrates and fat; also, attention is called 
to the relationship of the ash and some of its constituent salts to calories 
of milk and of protein. 

Additional data, similar to those of Abderhalden, have been analyzed 
in the manner just indicated. 

According to the method of evaluation set up in this paper, there is 
no correlation between the rate of growth of the suckling and other 
factors presented in the Abderhalden Table and in additional data. 

With the striking exception of human milk, the percentage of the 
total calories in protein is uniformly close to twenty for the milks of a 
number of species of animals. 

In human milk, by contrast, the percentage of the total calories in 
protein is less than ten. 

The biological or other significance of these facts is obscure. Because 
of possible phylogenetic implications, the milk of other animals— 
primates in particular—should be studied in the manner indicated in 
this paper. 

Sources or Data IN TABLES IIT, IV, V, VII anv VIII 
Man 
Composition of Milk: Holt, et al. 22. 
Water Buffalo 
Composition of Milk: Levine, C. O., 20. 
Composition of Ash of Milk: Kénig, 23, p. 662. 
Rate of Growth: Data supplied by Mr. To Shue Tsoi of the Department of 
Animal Husbandry, Canton Christian College, Canton, China, through Dr. Wil- 
liam W. Cadbury; personal communication, October 15, 1925. The work was 
carried on under the direction of Mr. C. O. Levine. 


DAYS REQUIRED 
BIRTH WEIGHT SUBSEQUENT WEIGHTS TO DOUBLE 
BIRTH WEIGHT* 


63 ib. 131 Ib. on 130 day 120 

85 Ib. 170 Ib. on 145 day 145 

76 Ib. 152 Ib. on 112 day 112 

60 Ib. 122 Ib. on 131 day 131 

71 Ib. 140 Ib. on 75 day 75 

11 60 Ib. 140 Ib. on 77 day 60 
Indian Buffalo Calf 85 Ib. 190 Ib. on 120 day 100 
Average 100 





*Estimated by means of straight-line graphs. 





Dr. Cadbury’s communication states: ‘‘All calves were removed from their 
mothers at birth and milk was milked from the mother and fed to them for 
the first month at the rate of one pound of whole milk to 10 lb. of body weight 
of the calf for the first month. After this first month one-half pound of whole 
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milk and one-half pound of soy bean curd, mixed, were fed to the calves for 
ten days. Then one-third whole milk and two-thirds soy bean with some bran 
added were fed for ten days. Finally a total of one pound of milk daily and 
bran bean constituted the calves’ food.’’ 
Cow 
Composition of Herd Milk: Kdénig, 24, p. 219. 
Composition of Ash of Milk: Holt, et al., 22. 
Composition of Milk of Special Dairy Breeds: Rogers, 25. 
Rate of Growth: Eckles, C. H., Chief, Division of Dairy Husbandry, University 
of Minnesota, 26; and personal communication June 23, 1925. 
Ass 
Composition of Milk: Kénig, 24, p. 394. 
Composition of Ash of Milk, Kénig, 24, p. 394. 
Rate of Growth: Through the kindness of Professor Marfan I received the 
following data from M. Barrier of Alfort, France: 
Average weight of ass at birth: 
Small African race—15 K. 
Small race from south of France-—30 K. 
Large race (Portou)—25 K. 
This weiglit is doubled in from 45 to 60 days. 
In a personal communication, Dr. Sidney Kaliski of San Antonio, Texas, states 
that a ‘‘leading veterinarian’’ informed him that the burro doubles its birth 
weight in 6 weeks. 
Horse 
Composition of Milk: Kénig, 24, p. 393. 
Composition of Ash of Milk: Kénig, 23, p. 663. 
Rate of Growth: Mr. H. H. Reese, Animal Husbandry Division, U. 8. Dept. 
of Agriculture informs me from actual observation on a Morgan colt that the 
birth weight was doubled in 42 days. 
Reindeer 
Composition of Milk: Ylppé, A., 27. 
Composition of Ash of Milk: Kénig, 24, p. 395. 


Rate of Growth: 


OBSERVATION BIRTH WEIGHT UBLED IN 
3.5 to 4 Kg. 35 days 
4.0 to 5 Kg. 38 days 
4.0 to 5 Kg. 28 to 35 days 
Average 31 days 


This information was secured by Professor E. A. Park, Nov. 30, 1925, through 
the kindness of Mrs. Carl Bassoe of Norway, from Messrs. Kristian Nissen 
and Arne Arnesen of the Inspektoren for Rendriften, Oslo, Norway. 
Goat 
Composition of Milk: Kénig, 23, p. 351. 
Composition of Ash of Milk: Abderhalden, 6, p. 457, 458. 
Rate of Growth: In personal communication, October 7, 1924, Professor Pierre 
A. Fish, of Department of Veterinary Physiology, New York State Veterinary 
College, Ithaca, N. Y., informed me as follows concerning two kids (sisters) 
‘fof a breed partly Saancen’’ 
BIRTH WEIGHT BIRTH WEIGHT DOUBLED IN 

2.0 Kg. 20 days 

1.7 Kg. 23 days 

Average 22 days 
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Sheep 
Composition of Milk: Kénig, 24, p. 376. 
Composition of Ash of Milk: Kénig, 23, p. 660. 
Rate of Growth: In a personal communication, July 7, 1924, Mr. D. A. Spencer 
of the Animal Husbandry Division of the U. S. Department of Agriculture in- 
forms me that sheep double their birth weight in about 14 days. 

Fox 
All data from Young and Grant, 29, p. 805. 


Camel 
Composition of Milk: In a personal communication, June 14, 1926, Lt. Col. 
McCarrison of the Pasteur Institute, Coonoor, S. India, gave me two analyses 
of the milk of the camel. These analyses were made by Dr. P. E. Lander, 
Agricultural Chemist to the Government of the Punjab. I have taken the 


average since the analyses were nearly the same. 
Composition of the Ash of Milk: Kdénig, 23, p. 662. 


Llama 
Composition of Milk: Kénig, 23, p. 661. 
Guinea Pig 
Composition of Milk and Rate of Growth: Abderhalden, 6, p. 457, 458. 
Elephant 
Composition of Milk: 
(a) Kénig, 23, p. 664. 
(b) Heineman, 28, p. 70. 
(ec) Doremus, 29, p. 486. 


Zebu 
Composition of Milk: Kdénig, 23, p. 661. 
Blue Whale (Balaenopera Sibbaldi) 
Composition of Milk: Kénig, 24, p. 400. 
Bartenwhale (Family Balaeniden) 
Composition of Milk: Kénig, 24, p. 400. 


Monkey (Mangabey) 
The author is fortunate in being courteously permitted to use some preliminary 
observations of Dr. Gertrude van Wagenen (Department of Obstetrics and 
Gynecology) and Dr. Harold E. Himwich (Department of Physiology) of Yale 
University. Ten samples of milk were obtained: each sample amounted to a 
cubic centimeter and was a complete milking. Some samples were used for the 
protein determination and others for carbohydrate, fat and ash respectively. The 


data in the table are averages of at least two analyses. 
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THE TREATMENT OF POLIOMYELITIS: PAST AND PRESENT 


JOHN RuuwRAnH, M.D. 
BALTIMORE, Mp. 


HE question of the treatment of poliomyelitis resolves itself into 

two parts, one the specific treatment by serum or other means as yet 
unknown, the other the management of the end-results of the lesions in 
the nervous system. 

The specific treatment may be said to date from 1910 when Netter, 
Gendron and Touraine used convalescent serum. Various other serums 
have been suggested and used, such as normal horse serum, pneumococ- 
cus serum and the like and serums prepared in horses or other animals 
using streptococci, as the serum of Rosenow reported on first in 1917. 
Animals have also been immunized to material taken from monkeys 
paralyzed by poliomyelitis by Neustidter and Banshaf; Pettit; Weyer, 
Park and Banshaf; Fairbrother; and Fairbrother and Morgan. More 
recently serum from adults has been used. The results vary. Those 
who have used the serums most are inclined to believe that the serum 
from patients who have been left with residual paralysis has a definite, 
if weak, power of preventing or limiting the paralysis if given in the 
preparalytie stage. Others, also basing their judgment on experience, 
are sceptical as to its value. As yet no satisfactory large series of cases 
treated with a like series of control cases has been reported. There 
have been some series of cases treated and controls reported, but these 
for one reason or another are open to criticism. The question of the 
value must be regarded as an open one. It seems to be on a theoretically 
sound basis, and from such studies as Maenamara’s it would seem pos- 
sible to prepare a serum which if administered sufficiently early in large 
enough quantities would give as good results as she has obtained. 

About the management of patients who have had the disease there 
has been and still is a considerable difference of opinion. John Hunter 
suggested the value of the exercise of the will in training muscles that 
had been paralyzed but not in regard to poliomyelitis, although he 
records at least one case which he had observed. Underwood and the 
physicians who shortly followed him made no therapeutic suggestions 
of value beyond the use of ‘‘irons to the legs’’; and Samuel Merriman, 
who edited one of the later editions of Underwood’s book, said, ‘‘ It may be 
doubted whether irons to the legs can ever be useful in a state of paralysis 
of the lower extremities. If the limbs are paralytic, how are irons to the 
legs to enable the patients to walk?’’ This was two years after John Shaw 
had written his interesting book ‘‘On the nature and treatment of the dis- 
tortions to which the spine and the bones of the chest are subject.’’ Shaw 
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used methods of stretching and exercises not unlike some methods em- 
ployed today and some of his cases were undoubtedly of poliomyelitic 
origin. W. J. Little used tenotomy and manipulations, and many of his 
eases were due to poliomyelitis. Had he had the sharp eye and under- 
standing brain of Jacob Heine he would have made a name for himself 
in infantile paralysis as well as in Little’s disease. Jacob Heine, in 
1840, in his Beobachthtungen iiber Lihmungzustinde der unteren Ex- 
tremitdten und deren Behandlung, laid the firm foundations of the cor- 
rection of paralytic deformities by the use of apparatus, exercise and 
strengthening the entire body. He used warm baths and steam baths 
before manipulation, and when he could not get rid of the contractions 
he used tenotomy which had been suggested by Delpech in 1823 and 
perfected by Strohmeyer a little later. Heine also used exercises for 
the muscles and devised machines to help the patient and figures one 
of these machines in his plates. His orthopedic apparatus is the same in 
principle as that used today and very much the same in execution. In 
1860, in a second edition of his book, he called attention to the possi- 
bility of preventing deformity by suitable apparatus. Eulenberg in 
1859 made a table of the deformities and the muscles which were par- 
alyzed and those which were antagonistic, with a view to exercise, and 
Ling in Sweden developed his system of so-called Swedish exercises or 
Heilgymnastik. The latter spread rapidly over the world. The Hun- 
garian, Matthias Roth, one of Ling’s students, introduced the system 
into England, and Charles Fayette Taylor brought it to America. But 
almost everywhere physicians and surgeons, much as they often do now, 
used only one part of the therapeutic armamentarium, Ling his exercises, 
Roth various methods including apparatus for support, many of the 
orthopedic surgeons depended on apparatus or operations or both to- 
gether and neglected exercise. Duchenne of Boulogne about 1850 began 
to develop the use of electricity, about which he was more enthusiastic 
than any one of his time or after. He also used apparatus of great 


ingenuity for replacing or supporting paralyzed muscles. Moritz Meyer 


was another great exponent of the use of electricity. 

The greatest genius among those dealing with infantile paralysis in 
those days, and, indeed, no one has surpassed him, was Charles Fayette 
Taylor, founder of the New York Orthopedic Dispensary and Hospital. 
He early became interested in the protection of bones and then of mus- 
eles. In 1867 he published a little book of 119 small pages which is 
without doubt one of the great American medical classics, a book of such 
rarity that few libraries have a copy. It is a book evidently not ap- 
preciated fully in its own day and now practically unknown but one 
which contains all the principles of the proper management of a case 
of poliomyelitis as far as the eare of the apparatus of locomotion and 
station is concerned. The principles of treatment as laid down by him 
have been in part used by others, but for the most part they are just 
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being rediscovered today. Some little of his work has found its way 
into medical and surgical textbooks; for the most part writers from his 
time on have failed to stress the essential points. Seeligmuller, in Ger- 
hardt Handbuch der Kinderkrankheiten, in 1880, outlined the therapy 
in a masterly way, omitting, however, some points of great importance. 
In the recuperative stage he advised among other things electricity, mas- 
sage given to the paralyzed muscles, heat, spray and steam douches, 
warm baths, hydrotherapy, and in the chronic stage, electricity, mas- 
sage exercise, hydrotherapy and the like, together with apparatus and 
such helps as crutches, walkers and exercising machines. He mentions 
the use of apparatus to prevent deformities and contractures but does 
not stress this point sufficiently. 

Wharton Sinkler in the otherwise excellent article in Keating’s Cy- 
clopedia of Disease of Children, in 1890, advised electricity and mas- 
sage and the use of the affected parts and urged that the child be made 
to walk as soon as possible. He makes no especial mention of the use of 
apparatus to prevent deformity but suggests its use after it has oe- 
curred. 

From that time on but few spoke and when they did it was like the 
voice of one erying in the wilderness. We may mention Hugh Owen 
Thomas and Sir Robert Jones who insisted on the correct methods, 
and Colin Mackenzie, too, taught muscle reeducation and muscle protec- 
tion; but otherwise the therapy of poliomyelitis seemed at a standstill 
except that the orthopedic surgeons were able to do more and better op- 
erations for the correction of deformities, but their prevention was not 
stressed by many, and as a rule the patients were not given sufficient rest 
and were allowed to walk too soon. In 1917 Lovett? published his ob- 
servations on 1836 cases and showed that weight bearing in the first 
year, where trunk and legs are involved, is risky and advised ambulatory 
exercise only when complete recovery has occurred or when there is 
reason to believe that hope of complete recovery or further substantial 
gain must be abandoned. It might be added that this is to be based on 
frequent examinations of the muscles and not any time factor. In a re- 
cent article on ‘‘Physical Therapy in Infantile Paralysis,’’ the author 
states, ‘‘In any ease, after six or seven months, it is generally advisable 
to allow getting up on the feet for the effect of the general condition 
and morale, even though the length of time daily may be restricted. 
Cases which have not responded to treatment should be started walking 
for the same reason.’’ This statement is calculated to do very consid- 
erable harm to many patients—as noted below. The writer, be it said 
to his sinful sorrow, has been guilty of misleading statements on this 
point which he has since learned from experience are wrong. The lack 
of exact statement in most textbooks and indeed in many articles is 
rather remarkable in view of the amount of recent study of the subject. 
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Let us look for a moment at the work of Taylor and note how com- 
pletely he covered the ground as far as principles of treatment are con- 
cerned. His views as to the pathologic conditions may be disregarded, 
since little was known in his day. He noted, as did Heine, that all 

‘es tend toward recovery. ‘‘ Very few cases are to be met with where 
some portions of the originally paralyzed members have not entirely re- 
covered.’’ He questioned why more patients did not show greater re- 
covery when the tendency was that way and came to the conclusion 
‘that it is not always because Nature has wholly exhausted herself, 
but beeause accidental circumstances have come to interfere with her 
work, which would otherwise have gone on much further.’’ He noted 
the contractures of the muscles and the deformities and said: ‘‘I reply, 
without hesitation, that contractions and distortions are not necessary 
consequences of this paralysis; that these unhappy results are always 
and entirely preventable. Indeed, what seem to be contractions of 
certain muscles—generally flexors—are not contractions at all, but 
simply a mechanical shortening of the muscles when their attachments 
are for a length of time brought closely together. . . . But in infantile 
paralysis, the shortening of certain muscles is not the first or principal 
damage done by improper and careless positions of the paralyzed limbs. 
The shortening, though the most noticeable. is not the first or worst 
complication which arises to arrest the progress of improvement and to 
set in train a series of conditions favoring the formation of distortions 
and deformities. Any position of a limb which allows the extensor mus- 
cles to become shortened must inflict a worse damage on the flexors by 
keeping them extended till they lose their remaining irritability and 
become degenerated. Now, we have another fact connected with these 
eases when they have arrived at the stage of deformity, viz., this: the 
diffieulty of treatment consists much less in relaxing the shortened 
muscles than in giving tone and strength to their antagonists—the 
lengthened and weakened ones. Indeed, it is this, in the destruction 
of all remaining irritability, and in many instances the destruction and 
entire loss of the substance itself of the expanded muscle, which consti- 
tutes the principal anxiety in treating this class of deformities. As 
this important consideration has been many times neglected, if not en- 
tirely lost sight of, let us consider the effect of simple extension upon 
the power and function of muscular tissue in its healthy state.’’ 

He goes on to point out that ‘‘To retain a healthy muscle in an ex- 
panded state for a certain length of time is to diminish or destroy its 
irritability and contractile force. To extend a muscle while in the 
act of contracting, that is, to overcome it, is to, at once, destroy its ir- 
ritability and foree.’’ He uses as illustration the stretching of the 
sphincter ani as is frequently done for the relief of fissures, ete. 

The mechanies of the production of deformities through the imbal- 
ance of muscles and weight bearing too early is clearly set forth and by 
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proper care the deformities are always preventable. ‘‘If the feeble mus- 
eles and ligaments of the joints were not subjected to overwhelming 
strain, by baring too early an injudicious weight, they would not give 
way under the first attempt at exercise, instead of being strengthened 
by it—which they might be, if proper precaution were observed. The 
treatment of infantile paralysis in the early stages consists for the most 
part, in noninterference with the recuperative efforts of Nature... . 
We are to remember how little it may take to injure the enfeebled 
muscular tissue and diligently guard the patient from possible harm— 
knowing the direction from which injury is most likely to come.’’ 

The reeuperative period is a very critical period, and it is difficult to 
know when to exercise the muscle and how much. If it is not used it 
will waste from nonuse, and if too much is given it will be destroyed 
by overuse. ‘‘Evidently, then, we must contrive to afford the muscles 
to act within their capacity—alike avoiding inactivity or overaction— 
until their development has reached the point where they are capable 
of being made available in sustaining the weight of the body in loco- 
motion. .. . We must furnish the muscle an exercise that shall not ex- 
ceed its capacity. ... And not until the powers of the muscles have been 
developed till they are equal to sustaining the weight of the body, 
should they be required to sustain it. There is no physiological prin- 
ciple more clear or simple. The leg of a paralyzed child in relation to 
its body may be compared to those of an infant called upon to support 
the trunk of a man; they cannot do it, and should not be allowed to 
attempt it till they have grown equal to their load. But every particle 
of latent force calls for use; action is its life and growth; and under 
these unusual circumstances we are called upon to furnish the oppor- 
tunity for whatever force there is to act. 

“If the patient has been carefully attended, so that no damage is 
done by faulty positions while in a state of muscular atony, there will 
be no difference in the rate of recovery, nor will there be shortening or 
lengthening of different muscles, and the patient can begin to stand 
and walk at a much earlier stage, and with much less strength, than 
when a very small amount of shortening has been allowed to take place. 
The reason for this is, that the least contraction of the flexor muscles 
will at once throw the patient out of his natural position, and the weight 
of the body must be held entirely by the force of the muscles instead of 
resting on the bony framework, with only sufficient muscular aid to keep 
it erect.’’ 

It will be seen that the principles of the treatment of poliomyelitis 
were laid down with great accuracy and clarity, but with but few ex- 
ceptions until recently these principles have been disregarded. C. L. 
Lowman and Jean Maenamara, in addition to those noted above, may be 
mentioned among those who have striven to spread this gospel of the 
prevention of deformity and the protection of muscles which may be 
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accomplished by the early use of proper splints to hold the body and 
the limbs in line and at the same time to give relaxation to the paralyzed 
muscles. In all paralyzed patients the most important muscles should 
be favored first until their recovery is assured. These are the deltoid, 
extensors of the wrist, the opponens of the thumb, the glutei, the quadri- 
ceps, the calf muscles, tibialis anticus and the abdominals. These must 
be placed at rest in a relaxed position, which is in recumbency in the 
same position the body would be if standing erect. Stretching of the 
muscle should not be allowed in handling the child as is so frequently 
done. It must be remembered that in the early stage and as long as 
improvement is looked for, rest is the most important thing. Fatigue 
both general and local must be guarded against. When the time comes 
to start exercise, it should be begun with very little and always kept 
well within the capacity of the muscle. Passive movements may be 
made when the movements are too much for the patient and the patient 
wills the movement at the same time. This is important for volitional 
movements are the-ones which build up the muscle power. Assistance 
must be given and support, as well, in making movements with weakened 
museles. As the power returns great care should be taken to exercise 
only the muscles which need it and to make such changes in the splint- 
ing from time to time as may be needed by the change in balance of 
power due to improvement. Great care must be taken to keep the body 
in line to permit of good posture when the time comes to stand. 

The nature of the splints will vary with the muscles involved. The 
modified double Thomas splint as suggested by Macnamara? will be 
found useful; since this permits the patient to be kept in line with such 
adjustments as may be needed in the arms and legs. The abdominal 
muscles are looked after by a corset and the support extends from head 
to foot. Legs and arms that are affected should never be left to 
dangle even for a moment. Eternal vigilance is the price of the best 
recovery. 

Muscle training is best carried out by a trained physiotherapist well 
grounded in anatomy and muscle function, but as this is impossible in 
most eases which must be treated at home, the simpler movements may 
be taught some member of the family and the treatment carried on 
under as close supervision as possible. Too little exercise is better than 
too much, and patient, family and assistants must be warned as fre- 
quently as possible on the dangers of doing too much. Exercise in warm 
water is much used in various places provided with suitable pools, and 
it ean also be given in a large bathtub or a Hubbard tub. In the water 
gravity is largely eliminated and volitional movements can be made 
that would otherwise be impossible without assistance. This helps the 
morale of the patient. The principles of muscle protection must always 
be borne in mind, water or no water. In giving exercises the are of 
motion should always be completed even if assistance is needed. Care 
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should be taken to see that the patient uses the muscles to be exercised 
and not some other one, as may be done if the patient is not carefully 
supervised. The amount and the kind of exercise must be modified to 
suit changes in the condition. With trunk and legs affected weight 
bearing should not be permitted as long as improvement is going on if 
the best results are to be obtained. Patients seen late should begin like 
patients in the acute stage. Muscles that have been damaged by too 
much use should be allowed to rest in positions allowing the attachments 
to come as close together as possible and thus make for relaxation. 
Eventually there will come a time when it is evident that there is to 
be no further improvement, and then with suitable braces the patient 
may be allowed up and the treatment directed toward getting as good 
functional use of the body as is possible. Much ean often be done in 
late eases which have been neglected, for often the muscles have been 
allowed to atrophy from disuse, although at present there are more 
spoiled by too much exercise rather than by too little. 

It is important to keep the paralyzed limbs warm so as to favor 
growth, and additional heat should be applied before exercising and once 
or twice daily in the form of dry heat applied by placing the child or 
the parts in a tent or box provided with carbon bulbs. Fresh air and 
sun baths or ultraviolet ray in the absence of sun is a useful adjuvant 
in maintaining general nutrition. 

Gentle massage is useful in maintaining the nutrition of the muscle, 
but it should not be used until all tenderness has disappeared and then 
with caution and the severe hard massage of the professional operator 
avoided. 

Warm salt baths may be given daily and are useful in the tender 
stage to allay the pain and soreness. Children may be bathed in a tub 
if great care is taken that affected muscles are not stretched. Macnam- 
ara advises bathing adults in bed by placing a rubber sheet under them 
and pinning it with clothes pins to boards hinged to the side of the 
bed, to the foot and by passing it over pillows to the back of the bed. 
The water is drained by pulling a part of the sheet through a hole in 
the board and when not in use the boards are dropped to the side of 
the bed. Any mechanic can attach gadgets to the bed to allow the use 
of wires for the same purpose. 

It is important to keep up the morale of the patient, a thing often 
neglected. Pity should not be expressed to the patient, for it develops 
the habit of self-pity which is most destructive to the patient’s mental 
well-being. Suitable amuseménts, and when ready for it education by 
teachers or by mail, games and visitors should be allowed the patient. 
Moderation should be practiced in all things. Only too often patients 
are left entirely to their own devices and fret and worry in consequence 
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when a little forethought would render the patient happy and contented, 
for poliomyelitis victims tend to be cheerful if conditions are at all 
favorable. 

The chief points may be summarized as follows: 

1. The tendency is to recovery, much of the permanent paralysis is 
due to neglect or improper management. 

2. Contractions and deformity can be avoided. 

3. The principal thing in the treatment is rest with the body re- 
cumbent but in the position it would be in if standing erect. 

4. The most important muscles should be favored early and until 
their recovery is assured. 

5. Special adjustments of splinting must be made to favor muscles 
which should have it. 

6. Fatigue general and local should be avoided. 

7. Weight bearing should not be allowed as long as recovery is ex- 
pected. : 

8. Especial care should be taken not to allow at any time any stretch- 
ing of affected muscles. 

9. When recuperation is well established, carefully supervised ex- 
ercise within the capacity of the muscle is of value. 

10. Warm salt baths, very gentle massage (only after all tenderness 
has disappeared), fresh air and sunlight and warmth are valuable ad- 
juvants in treatment. 

11. The splints or braces should be inspected frequently and changed 
to suit conditions. 

12. The transition to weight bearing should be gradual, avoiding 
overexertion and fatigue. 

13. After all the improvement has been obtained that can be looked 
for as judged by a failure to improve under proper management, the 
patient should be gotten on his feet, using such apparatus as may be 
necessary. Old and neglected cases will need orthopedic care to correct 
deformity and exercise to develop latent muscle power. 

14. Every case should be treated individually and not by any fixed 
routine. Changes should be made to suit conditions as they arise and 
deformities due to lack of balance of muscles carefully avoided. 
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THE INFLUENCE OF FRUIT AND VEGETABLE FEEDING UPON 
THE IRON METABOLISM OF THE INFANT 
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HE iron metabolism of the growing young has been a question of 
interest ever since the epochal publications of von Bunge' over 
fifty years ago. His findings, that both breast milk and cow’s milk 


are exceedingly low in iron content and inadequate to cover the iron 
requirement of the growing organism, have not been challenged to 
this day. It was he who first laid the foundation for the conception 
of reserve depots of minerals, among them notably iron in the grow- 
ing organism of the young animal to be available when needed dur- 
ing the exclusive milk period. 

Huquounenq? and, at a somewhat later period, Czerny* developed 
this same conception for the newborn and young of the human species, 
and the latter first called attention to a characteristic alimentary 
anemia which develops when the young growing organism is deprived 
of adequate iron intake in its food. 

The findings of Hart, Steenbock, Elvehjem and their coworkers,‘ 
and the work of Whipple, Robscheit-Robbins and others® stimulated a 
great deal of interest in the subject of alimentary anemia and has, in 
recent years, led to a series of splendid investigations in this field. 

The conception that foodstuffs, notably high in iron content, should 
be curative for alimentary anemia or should be particularly suitable 
for the replenishment of deficient iron reserves in the organism of the 
young dates back to the investigations of von Bunge,’ and is the basis 
of a feeding régime for the young infant, first suggested and cham- 
pioned by Czerny* and now quite generally used in many parts of the 
civilized world. 

The demonstrable high organic iron content of some vegetables and 
certain fruits suggested them strongly as suitable early dietary addi- 
tions to prevent the onset of, or combat an already existing alimentary 
anemia. To these were added later for older children, glandular or- 
gans, such as liver or kidney, the favorable action of which was recog- 
nized by Czerny and others* long before the publications of Minot and 
his coworkers,® although the exact mechanism of such favorable ac- 
tion was not understood at that time. 

The investigations of Hart and Steenbock* finally showed the re- 
markable effectiveness of combinations of iron salts and traces of 
copper in the treatment of alimentary anemias and indicated that 
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these substances alone, or preferably in combination with some of the 
foodstuff mentioned, were a very superior form of treatment for alli- 


mentary anemia. 
The relative degree of effectiveness of these various procedures in 
combating alimentary anemia was a part of this study, but its prin- 


cipal aim was the study of actual iron retention in the young growing 
organism to whose dietary were added high iron containing food in 
the form of vegetable fiber and fruit. 

In an earlier paper* we had studied the effect of vegetable feeding 
upon the mineral metabolism of the young infant. This included a 
study of the effect on the iron balance of two of the infants. Those 
results gave no evidence of a beneficial effect upon the iron retention 
of feeding dried or puréed spinach. It was felt, however, that the 
evidence was too meager and that the study should be continued with 
other infants. We are now ready to report results of additional 
metabolism experiments on three normal infants, ranging in age from 
five weeks to seven months, and also on one infant diagnosed as a 
nutritional anemia case. As in the earlier work, the vegetable studied 
has been spinach in the dried, puréed, and raw forms. The experi- 
ments have been extended to inelude the effect of apricots which 
Whipple and Robscheit-Robbins® found more effective than spinach 
and other vegetables and most other fruits in curing the anemia of 
their dogs. In the case of the anemic infant, it has also included the 
effect of adding wheat germ extract, a mixture of ferric and cupric 
salts and liver. 

We have attempted to make the experiments as nearly accurate as 
possible. With very few exceptions, the periods on metabolism have 
lasted six days. In the ease of the anemic infant, the period on milk 
formula only, used as a control, lasted four days because it was felt 
that the giving of iron-containing foods should be. started as soon as 
possible. 

As a rule the normal infants were very regular in their elimination 
of feces. No metabolism period was begun until the infant had been 
receiving a given diet for at least five days so as to insure that its 
system had reached equilibrium in regard to that diet. Two or three 
consecutive metabolism periods on a given diet, with one or two days 
intervening, were run in each ease in order to find out what variations 
may be expected normally when the diet remains constant. 

The iron content of the various foods was determined by analyses. 
Twenty-five pound eans of powdered milk furnished a uniform stock 
supply of milk for each infant. The sugar used in the formula was 
found to contain traces of iron. The amount of milk powder and 
sugar was increased as the infant grew, but was kept constant through- 
out a given control period and the following periods in which the 
supplement of spinach or apricots was added. The dried spinach was 
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also provided in large lots, each of which was analyzed. The anemic 
infant was given eight grams daily, the normal infant six grams. The 


puréed spinach was provided in lacquered tin cans holding a little 


more than enough for two days’ feeding. While a large supply from 
the same factory batch was on hand and every effort had been made 
to keep the contents uniform, we felt we obtained a more accurate 
knowledge of the iron intake by combining together twenty-gram sam- 
ples from each can used and analyzing the composite sample for iron. 
The same held true for the raw spinach. The infant’s daily allow- 
ance of raw or puréed spinach was seventy grams. Dried apricots 
were used. They were softened by heating with distilled water on the 
steam bath and ground to a fine pulp in a poreelain mortar. A com- 
posite, representative of each period, was analyzed for iron. With 
one exception, the equivalent of forty grams dried apricots were given 
to the infant daily. Infant No. 3 received the equivalent of 57 gm. of 
dried apricots daily in the seventh period. The wheat germ extract 
was supplied from a large stock solution which had been analyzed 
for iron content. A water extract equivalent to 16.2 gm. wheat germ 
was given daily. Iron and copper salts were given to infant No. 4 in 
the last two periods in daily doses of 6 ¢.c. of a 10 per cent solution 
of ferric ammonium citrate (100.8 mg. Fe) and 1.5 ¢.c. of a 0.2 per 
cent solution of copper sulphate. (0.76 mg. Cu.) Liver was freed from 
connective tissue, ground to a pulp and cooked by boiling for a few 
minutes. The daily allowance of liver was 20 gm. Iron was deter- 
mined in a composite sample for each metabolism period. 

As in our earlier experiments, the milk formula contained definite 
weights of powdered milk and sugar, made up to a definite volume 
with distilled water. Any supplement, such as the spinach or apri- 
cots, was mixed with the milk formula to insure its being entirely 
consumed. In a few cases, especially with the apricots, difficulty was 
encountered in getting the infant to take all the formula. Either he 
refused to take it, or, if forced, regurgitated a considerable amount. 
All refusals for a given period were collected. If small in amount, 
they were transferred to a platinum dish, dried, ashed, and the ash 
dissolved in a known volume from which an aliquot was taken for 
analysis. If the amount was too large for such treatment, it was evap- 
orated to dryness in a porcelain evaporating dish on the steam bath, 
then in an oven at 105° C., the residue weighed, ground up and mixed 
and a sample analyzed for iron. Regurgitations were caught on masses 
of weighed gauze and the amount of iron lost in this way ecaleulated 
from the increase in weight of the gauze and the known composition 
of the milk mixture, assuming one gram gain represented one c.c. of 
the mixture lost. This, of course, introduced an error, but a liberal 
allowance of 10 per cent error in calculation of iron in the regurgita- 
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tions introduced only a very small error in the ecaleulation of the 
total intake. 

The feces and urine were combined, separately, for each period. 
The feces were dried to constant weight, first on the steam bath, then 
in an oven at 105° C., ground in a porcelain mortar and well mixed. 
Two gram samples were used for ashing. Because of the very low iron 
content of urine, a known amount of iron was added before analysis. 
Four hundred e¢.c. of urine to which 0.2 mg. Fe had been added were 
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1 Showing the negligible influence of spinach or apricot feeding on the iron 
metabolism of three normal infants. 
taken for each ash solution, and one-tenth of this was used for analy- 
sis. Duplicate ash solutions were made for each substance to be 
analyzed. 

Every effort was made to prevent contamination of the samples 
with extraneous iron. The specimens never came in contact with any 
utensils except Pyrex glassware, porcelain or platinum. Filter paper 
was used to cover the evaporating dishes on the steam bath. Other 
dishes were kept covered whenever possible. It was felt that with 
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these precautions, the obtaining of good checks on duplicate ash solu- 


tions meant that any contamination by iron had been avoided. 

Great difficulty was encountered in finding a suitable method for 
the iron determination. Almost without exception the methods usu- 
ally advocated or used by various investigators gave uncertain results 
and exceedingly poor checks of the controls. This experience made 
us doubtful of some of the reported results, especially of the earlier 
work on iron. 

The method finally used for determining iron was a modification of 
Stugart’s* method. It involved carefully controlled dry ashing in a 
muffle furnace whose temperature was automatically regulated at 
400° C., solution of the ash, partially with N hydrochloric acid and 
partially, after re-ashing the residue over the free flame, by fusion 
with sodium carbonate, acid hydrolysis of the ash solution to convert 
pyrophosphates to orthophosphate, and determination of the amount 
of iron by colorimetrit comparison in amy] alcohol solution against a 
standard containing 0.02 mg. Fe after adjusting the acidity of both 
solutions to the same strength and converting the iron to ferric thio- 
eyanate. Platinum dishes were used for the dry ashing. The samples 
were slowly charred by starting them in front of the open door of the 
muffle furnace and pushing them back gradually, avoiding the rapid 
evolution of gas. With milk samples, a slow charring was made pos- 
sible by mixing the powder with a small amount of water and ear- 
melizing by heating overnight in an oven at 105° C., before intro- 
ducing into the muffle furnace. 


RESULTS 


The results of the experiments on normal infants are given in Table 
I and are shown graphically in Fig. 1 where the heights of the columns 
represent the values for total iron intake, the total iron output and 
the difference between the two, the iron balance. We feel that the 
results bear out the conclusion we had reached in our earlier experi- 
ments, that the feeding of spinach to the young normal infant in any 
of the three forms tried does not appreciably affect the-iron metabo- 
lism. We feel, also, that the same may be said of the feeding of 
apricots. The iron balances for a diet of milk only vary within small 
limits, for infant No. 1 all slightly negative, for infant No. 2 all 
slightly positive, and for infant No. 3 positive at first, but in later 
experiments slightly negative. 

The effects of puréed spinach were tested on two of the infants. 
There appears to be a slight increase in retention attendant upon the 
addition of the puréed spinach to the diet; if the four periods are 
averaged, a balance of +0.16 mg. Fe as compared with +0.04 mg., the 
average of the four preceding periods on a milk diet, and a larger 
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balance in three of the four spinach periods than in any of the pre- 
ceding periods. However, these retentions are small and, we believe, 
insignificant. 

The raw spinach, also tested on two infants, gave positive reten- 
tions in two of the four periods studied ; while the balances in the pre- 
ceeding milk periods were either negative or if positive, less in amount. 
Expressed in terms of averages, a balance of +0.03 mg. Fe on a milk 
diet was increased to +0.093 mg. by adding raw spinach to the diet, 
but again, such a small retention would seem insignificant. 

In the case of infant No. 1, a severe diarrhea developed as a result 
of the raw spinach. This was true to a lesser degree for infant No.2. 
It is interesting to note that in the last period of infant No. 1 on raw 
spinach, there was a fair degree of retention in spite of the greatly 
increased output of feces. One would feel more optimistic about its 
favorable effect on iron retention if the first periods on raw spinach 
for each infant had given positive results. Taking all the effects 
into account, we feel that the feeding of raw spinach to the young 
infant is not to be recommended. 

Only one metabolism period on dried spinach was tried on a normal 
infant. The results support our earlier findings that dried spinach, 
in spite of its high iron content, tends to decrease, rather than to 
increase, the iron balance. In this case, a negative balance of 0.68 mg. 
resulted after adding the spinach to a milk formula on which the 
infant showed an average negative balance for two periods of 0.17 mg. 
Results of feeding dried spinach to the anemic infant also bear out 
the same conclusion. Of the three forms of spinach studied, the 
puréed form would seem to be the only one advisable for infant feed- 
ing, since it tends to increase rather than decrease the retention of 
iron, and can be fed without harmful effects. 

The effect of the apricots also appears to be negligible. They were 
fed only to infant No. 3. During the first of these periods the infant 
suffered from a respiratory infection which turned out to be very 
severe. Metabolism experiments with the apricots were continued 
after he had completely recovered. Whether this affected the iron 
metabolism during the apricot feeding or not, it is impossible to say. 
The fact remains, however, that in only one of the three periods in 
which the diet was supplemented by apricots was there a positive 
retention, but this retention was large enough to increase slightly the 
average retention on a milk diet of +0.060 mg. to +0.066 mg. This 
small effect would seem to be insignificant. 

Hemoglobin determinations (Newcomer method) and red cell 
counts* were made at the end of each of the different diet periods as 
shown in Table I. Certainly the very small increases in retention 


*We are indebted to Dr. Katsuji Kato for all of the hemoglobin determinations and 
red cell counts. 
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which occurred as a result of adding spinach or apricots to the milk 
diet were not accompanied by a rise in the hemoglobin or red cell count 
of the blood. 

In both infants, the puréed spinach periods were accompanied by 
a fall in hemoglobin concentration. The changes with the feeding of 
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- 2.—Showing the growth of the four infants whose iron metabolism was studied 
during the period they were under observation. 


raw spinach are contradictory. The low values in the later periods 
of infant No. 3 are probably not effects of the apricot or dried spin- 
ach diet but are results of the respiratory infection. With the excep- 
tion of the low hemoglobin values following an infection, all values 
for the three normal infants fall close to or above the average value 
found by Kato and Emery° for infants in this vicinity. During the 
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time they were under our observation, they grew normally as shown 
in Fig. 2. The average daily retention of iron for the three infants 
over the period studied was +0.08 mg. 

We were able to test the effect of spinach and apricot feeding upon 
the iron metabolism of an anemic infant in whom there was a definite 
lack of hemoglobin, possibly a lack of iron because the infant would 
eat very little except milk. The infant was twenty-three months old 
and weighed 9 kg. He was brought into the hospital with an acute 
upper respiratory infection which was soon cured. His diet, previous 
to the time he was admitted, had consisted almost entirely of milk. 
As determined in the clinical laboratory, his hemoglobin was 37 per 
cent and red cell count 3,100,000. 

The general plan of feeding follows: after a short control period 
on a milk and sugar diet with cod liver oil, dried spinach was added 
to the formula in two of the five daily feedings. This diet lasted 
about three weeks, during which time two metabolism periods were 
earried out. The feeding of spinach was continued, but apricots were 
then also added to the diet in the remaining three feedings. A period 
of three weeks on the spinach-apricot diet followed and again two 
metabolism periods were secured. Another similar three-week period 
followed in which the spinach-apricot diet was supplemented by wheat 
germ extract, a potent source of vitamin B. A fourth three-week 


period studied the effect of a daily dose of 100 mg. of iron as ferric 
ammonium citrate accompanied by a trace of copper, 0.75 mg. in addi- 
tion to the spinach-apricot wheat germ diet. Finally, the added effect 


of liver has been studied. 

The results are shown in Table II and Fig. 3. Weekly determina- 
tions of the hemoglobin concentrations and red cell count of the blood 
were made. Only those at the end of each diet period are given in 
the tables. The chart is drawn to the same scale as the one used for 
the normal infants, but after iron salts were added the height of the 
columns became so great that they could not be represented in their 
entirety. The results of the iron balance are interesting, but perplex- 
ing. The two metabolism periods on a given diet agree well with each 
other, thus tending to give confidence in the results as they appear. 
The two periods in which the milk was supplemented by dried spin- 
ach gave one small positive balance followed by a negative balance. 
Certainly the added iron of the spinach was not being utilized. The 
output of feces during this period was considerably increased, an 
average daily output of 11.75 gm. (measured in terms of dried weight) 
as compared with a preceding 6 gm. daily output. When apricots 
were added the average daily output of feces was reduced to 8.37 gm. 
Correspondingly, the output of iron was reduced and the iron bal- 
ance became strongly positive, showing an average retention of +2.97 
mg. Fe. Wheat germ extract was added at this point, chiefly to com- 
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plete the infant’s diet with an adequate source of vitamin B. After 
the addition of the wheat germ extract, the daily output of feces was 
13.96 gm. Again the iron output increased and the iron retention 
was reduced to an average of +0.09 mg. Fe. 

The addition of soluble iron and copper salts to the diet resulted 
in a large inerease in iron retention. This was not accompanied by a 
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ig. 3.—Showing the iron metabolism of an anemic infant as it was affected by various 
additions to the diet. 


low output of feces, as was the case when a high retention occurred 
on a milk diet supplemented only by spinach and apricots. The re- 
sults of these two last periods when soluble iron salts were given 
agree only fairly well with each other. In the last of the two peri- 
ods, the intake and output of iron are both smaller, but not in the 
same proportion so that the retention is considerably greater. There 
was a smaller output of feces in this period and the increased reten- 
tion might be explained by assuming that there was an incomplete 
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collection of feces. However, the following facts have to be critically 
considered. This last period was quite unsatisfactory because the 
infant exhibited an extreme loss of appetite. Some of the formula 
was refused and of that consumed, about 13 per cent was regurgi- 
tated. The amount of iron refused could be determined accu- 
rately, but the amount regurgitated was estimated as explained ear- 
lier. However, since most of the formula refused contained only milk 
and spinach, the error introduced was small compared to the retention 
as calculated. On the other hand, the smaller food intake would 
account fairly well for the smaller output of feces. We feel, there- 
fore, that the retentions as caleulated represent, if not accurate values, 
at least the order of magnitude of the retention. With the additional 
feeding of liver, there was a further remarkable increase in the re- 
tention of iron, although the iron content of the diet was scarcely 
affected by such feeding. 

Examination of the hemoglobin concentrations and red cell count 
of the blood shows that very little improvement took place until liver 
was added to the diet. There was a gradual increase in the number 
of erythrocytes, from 4.06 to 4.90 million. The hemoglobin concen- 
tration fell sharply from an initial value of 8.8 gm. per 100 ¢.c. to a 
minimum of 4.9 gm. at the end of seven weeks. A week later it had 
returned to 5.6 gm. From that point on it remained fairly constant 
until the last week of the period during which soluble iron salts were 
given when it rose to 6.0 gm. Whether this meant that the hemo- 
globin concentration was beginning to increase and would continue 
so on the same level of iron and copper intake is not known. The 
feeding of liver was begun at this time and the hemoglobin rose to 
9.8, a rise which was practically maintained during the second liver 
metabolism experiment. 


DISCUSSION 


The results reported here support the conclusion of earlier experi- 
ments that in the ease of the normal infant the feeding of vegetables 
in the form of spinach does not appreciably affect its retention of 
iron. The same appears to be true of the feeding of fruit in the form 
of apricots. Whatever increases in the iron retention have resulted 
by feeding spinach or apricots have been small and apparently insig- 
nificant. There has been no increase in the hemoglobin concentration 
or the number of erythrocytes of the blood as the result of such feed- 
ing. On the contrary, there has been a tendency toward a decreased 
hemoglobin concentration. 

The fact that two of the infants showed hemoglobin values consid- 
erably above the mean as determined by Kato and Emery® for in- 
fants in this vicinity would indicate that they had as yet no iron 
need which was not met by their own reserves or by the iron sup- 
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plied in the milk. There was usually a small retention of iron when 
the infant was on the ordinary milk formula, and this retention rep- 
resented only a small preportion of the iron intake. The higher level 


of hemoglobin concentration for normal infants found by Mackay’ 
and Bloxsom" as a result of iron or iron and copper medication does 
not necessarily conflict with our findings, since we have studied only 
three infants, two of whom had unusually high hemoglobin concentra- 
tion at the beginning of the metabolism experiments. Whether the 
high level of hemoglobin would have been maintained had the diet 
not been supplemented by iron-containing vegetable or fruits is a 
question for debate. At least, one can say that there was no indica- 
tion of an appreciably increased iron retention as the result of such 
feeding which might favor the maintaining of this high level. 

While the normal infant may not need a greater intake of iron up 
to the age of six months, another problem is presented in the case of 
an older infant who has been existing for many months almost exclu- 
sively on a milk diet. It is generally conceded that such an infant is 
not receiving enough iron to maintain the hemoglobin of the blood at 
its normal level and an anemia results. When such a case was ad- 
mitted to the hospital, we took the opportunity to determine whether 
the iron of spinach or apricots could be utilized by such an infant. 
It was impossible to study the problem rigidly in the one case. Other 
infants would have to be studied and the problem attacked from dif- 
ferent angles. Even such a thing as the form of spinach used would 
have to be considered, because there seems to be evidence that the iron 
of dried spinach is not utilized so readily as that of puréed spinach. 
Our results, therefore, can only be considered with much reserve until 
more data are available. 

In the ease studied, the iron of dried spinach was not utilized, but 
that of the apricots was retained in considerable amounts. Coinci- 
dent with this effect, perhaps its cause, was a much smaller output of 
fecal matter after the milk-spinach formula was supplemented by 
apricots. No such phenomenon was observed when apricots were 
added to the milk formula of the normal infant. Again, after adding 
wheat germ extract, the output of feces increased and the iron reten- 
tion fell to a low level. We are at a loss to explain such results with- 
out more data. The two periods on an identical diet agree well in 
each case. Whether this is an accident, and what we have observed 
is only a normal physiologic variation independent of the wheat 
germ could not be determined except by repetition of the experiments. 
For the present we prefer te put the results on record as those of an 
individual case only. 

With the exception of the wheat germ effect, the results of apricot 
feeding on iron retention were what had been anticipated from the 
favorable results on hemoglobin regeneration which Whipple and 
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Robscheit-Robbins® had found in the case of feeding apricots to their 
anemic dogs. On the other hand, we did not get an increased reten- 
tion of iron with the feeding of dried spinach, such as Krasnorgorsky*™ 
found when the milk diet was supplemented with spinach extract and 
lactose. Possibly this is explained either by the fact that in the nor- 
mal infant we found a better retention for puréed spinach than for 
dried spinach or by the fact that Krasnorgorsky’s metabolism experi- 
ments lasted only three days, a period which is now considered inade- 
quate for accurate results. Possibly another explanation is offered 
by the recent report of Schiff, Eliasberg and Joffe’* that when cow’s 
milk was supplemented by lactose in the diet of rats an increase in 
hemoglobin concentration occurred. 

The failure of our spinach or apricot feeding to produce a rise in 
hemoglobin concentration is contrary to the findings of many inves- 
tigators, Hart, Steenbock, et al. Whipple and Robscheit-Robbins,’® 
Mitchell and Vaughn," Sheets, Frazier, and Sulzby,’° Farmer and 
Cory,"® and Leviné, Culp and Anderson,’ that the feeding of green- 
leafed vegetables or of some fruits, such as apricots, to anemic animals 
(dogs or rats) has resulted in an increase in hemoglobin level. In 
interpreting the results with the spinach or apricots, there must also 
be considered the fact that during the three weeks in which the iron 
of the diet was also supplemented by iron and copper salts, in spite 
of a large iron retention there was no appreciable rise in the hemo- 
globin concentration of our infant, a result which was unexpected in 
view of the animal experiments of Hart, Steenbock and Elvehjem‘ 
and the results of the use of iron and copper therapy for anemic in- 
fants and children by Josephs,"* Lewis,"® and Caldwell and Dennett.”° 


Possibly we gave too small a dose of iron and copper. It increased the 
iron intake about twelve times over that in the milk-vegetable diet, 
but was considerably less than the dose used by Josephs. Perhaps we 
would have had better results with a larger amount of copper. It was 
believed unwise to increase the dose at the time because of the infant’s 
tendency to vomit. We hope later to try out the effect of larger doses 


of both iron and copper. 

The fact that the hemoglobin concentration finally rose almost to 
the normal level after liver was added to the diet is in agreement with 
the findings of Greengard, Maurer and Kliiver*' in eases of infants 
whose anemic condition did not respond to iron treatment but who 
showed improvement after liver extract was also given. In this econ- 
nection it should be remembered that these investigators found that 
liver extract alone caused an improvement in the blood picture in 
63 per cent of the cases studied, and that in those cases which did not 
respond, improvement occurred after iron was added. 

Favorable effects of the feeding of liver or liver extracts in cases 
of alimentary anemias of infancy have also been reported by Herz,** 
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Tuscherer,™* Ligum,”* and Strunz.”* We did not try the effect of liver 
alone. It was believed that the history of the case pointed definitely 
to a need for iron and that need was supplied by the spinach, apri- 
cots, and later, in a much more concentrated form, by the ferric am- 
monium citrate. The large retentions of iron, which occurred with 
the feeding of apricots and soluble iron salts, gave evidence that the 
iron need had been met. That no improvement occurred in the blood 
picture seemed to indicate the need of a supplementary factor to 
stimulate the hematopoietic functions to make use of the iron. Ac- 
cording to the findings of Hart, Steenbock and Elvehjem and Peter- 
son,”* this should be copper. 

Whether the increased hematopoietic activity which occurred dur- 
ing liver feeding was due to an increased copper intake or to the 
action of another supplementary factor in the liver cannot be deter- 
mined from the data at hand. Another possible explanation might 
eliminate the liver entirely as a factor and assume that the results 
were simply a delayed effect of the iron and copper salts because the 
hematopoietic functions had been reduced in activity to such an ex- 
tent and over such a length of time that a considerable latent period 
might be required before stimulation would have its effect. Further 
experiments along this line are planned. For the present we can only 
say that the increased iron retentions in an anemic infant, which were 
found as a result of the feeding of apricots and to a greater extent 
with the administering of iron and copper salts, were not immediately 
reflected in an improved blood picture. There was a later increase in 
hemoglobin concentration which might have been due either to a de- 
layed effect of the increased iron and copper intake or to some fae- 
tor in the liver which was finally included in the dietary. 


SUMMARY 


1. A study of the iron metabolism of three normal infants, ranging 
in age from five weeks to seven months, has shown that vegetable 


(spinach) or fruit (apricots) feeding in addition to the milk formula 


exerts no significant effect upon the amount of iron retained by the 
infant. Such feeding increased the iron intake 60 to 171 per cent. 
The hemoglobin concentration and the number of erythrocytes in the 
blood were within or above the normal range for infants of this 
vicinity and age, and were not raised by the vegetable or fruit 
feeding. 

2. A study of the effect of such feeding upon an anemic infant, 
twenty-three months old, who had been living on an almost exclusive 
milk diet, has shown a lack of effect in the case of dried spinach, but 
a marked increase in retention of iron when apricots were added to 
the diet, an effect which disappeared again after wheat germ extract 
was also included. The effect in each case is related to the amount of 
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fecal matter eliminated in the metabolism period. We prefer to with- 
hold interpretation until more data are available. The hemoglobin 
concentration and erythrocyte count of the blood were not improved 
during the course of such feeding. 


3. A very large increase in the concentration of soluble iron in the 
diet of the anemic infant, brought about by adding ferric ammonium 
citrate, resulted in a large increased retention of iron, but up to the 
end of three weeks on the diet, only a very slight increase in the num- 
ber of erythrocytes had occurred and practically no change in hemo- 


globin concentration. 

4. When the diet of the anemic infant was further supplemented 
by liver, the retention of iron was increased still more. The reten- 
tion in this instance was accompanied by a rise in hemoglobin from 
6.0 to 9.1 
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CHOLESTEROL PARTITIONS OF THE BLOOD IN MYXEDEMA 
(CRETINISM) 


HerMAN ScuwarzZ, M.D., AND ANNE Topper, M.D. 
New York, N. Y. 

T IS known that disturbances of the thyroid gland are associated 

with a disturbed cholesterol metabolism. The total amount of cho- 
lesterol in the blood is normally from 100 to 230 milligrams in 100 e.c.* 
In both clinical and experimental hyperthyroidism? the blood choles- 
terol tends to be reduced. In hypothyroid states the total blood cho- 
lesterol tends to be inereased.® 

Because of this association, Epstein and Lande* studied the level of 
the blood cholesterol and the level of the basal metabolic rate. They 
found an inverse ratio of the basal metabolism and the blood choles- 
terol which they explained on the basis of an increased rate of oxida- 
tion. This caused increased consumption of available lipoid with re- 
duction in the blood and vice versa. 

In general, we may say that there seems to be a fairly definite rela- 
tionship between the basal metabolic rate and the cholesterol level of 
the blood in myxedema. In untreated myxedema, the cholesterol is 
increased and the basal metabolism is decreased. As the basal meta- 
bolic rate is raised by thyroid therapy, the blood cholesterol is lowered. 
We were able to observe a case of a twelve-year-old untreated cretin 
in our wards who illustrated the almost mathematical relationship be- 
tween basal metabolism and blood cholesterol. Fig. 1 shows graphi- 
eally what occurred with thyroid therapy. 

In nephrosis the blood cholesterol is usually increased. The sub- 
normal basal metabolism, when it oceurs, is probably not due to hypo- 
thyroidism, but perhaps to defective protein metabolism. However, 
even in nephrosis, Epstein and Lande* found a similar inverse rela- 
tionship between basal metabolic rate and blood cholesterol level, as 
both were influenced by thyroid therapy. We were able to study a 
group of cases of nephrosis in children between the ages of two and 
ten years. We may say that in our cases fluctuations in the level of 
the blood cholesterol were quite independent of thyroid therapy. 
There seemed to be no constant relation between the level of the blood 
cholesterol and the basal metabolism. From our experience therefore, 
we can corroborate the findings of Epstein and Lande in so far as 


myxedema of endocrine origin is concerned, but not for nephrosis. 


_ From the Wards of the Pediatric Department and the Laboratories of The Mount 
Sinai Hospital, New York. 
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Cholesterol appears in the blood uncombined or as free cholesterol, 
and as cholesterol ester. The relative proportion is free 20 to 50 per 
cent; ester 50 to 80 per cent. This relationship normally is quite con- 
stant regardless of the total amount of cholesterol present. In preg- 
nancy Bloor and Knudson’ find a relative increase in the ester, and 
Knudson® says there is also an increase in ester after feeding a high 
fat diet. In eases of mechanical icterus, the cholesterol ester is often 
diminished.? Thannhauser* showed that in conditions of liver atrophy 
there is a decrease of ester, which may go on to a complete disappear- 
ance. This has been verified by E. Z. Epstein.* 
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Chart I.—Relationship of cholesterol level to basal metabolic rate under thyroid 
therapy in cretin (Case 5). 


Table I shows the cholesterol determinations in a case of subacute 
yellow atrophy of the liver studied on our wards, which corroborates 
Thannhauser’s and Epstein’s findings. 


TABLE I 


DATE TOTAL CHOLESTEROL ESTER FREE REMARKS 
Oct. 31, 1931 187 82 105 H. G., a girl 8 
Nov. 14 198 29 169 years old* 
Jan. 4, 1932 115 faint trace 115 

Feb. 15 100 19 81 

Mar. 4 80 faint trace 80 





ee findings showed complete destruction of normal lobular markings of 
the liver. 
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Liver damage, we believe, is the only known condition in which the 
ester concentration in the blood stream is markedly decreased. 

In studying the cholesterol of the cretin cited above, we found such 
a marked diminution in the ester of the blood, especially in relation 
to the free cholesterol, that the ratio usually found in the normal be- 
tween ester and free cholesterol was reversed. In order to determine 


whether this was an accidental finding or whether there is actually a 
decrease in the ester in the blood in myxedema of childhood, we 
studied the blood cholesterol partitions of eleven cases of myxedema 


(eretinism). The findings are given in Table II. 


TABLE II 


TOTAL n 
CASE AGE CHOLES- ESTER FREE B. M. R.* REMARKS 
TEROL 


THYROID 
THERAPY 


5 years 2 470 210 260 minus 2% 7 treated since 2% years 
of age. 

4 years ¢ 210 § not done : treated since 244, years 
of age. 

9 years 190 7 : plus 3% 38 treated since infancy. 

11 years 250 { 5s plus 1% 38% treated since 5 months 
old. 

12 years 676 7 minus 39% 20% untreated Feb. 13/31. 

120 plus 8% 58% treated March 17/31. 

13 years 170 plus 9% 5), treated since 2 months 
old. 

8 years 290 35 55 minus 19% 8% treated on and off 
since 8 months of 
age. 

years : minus 19% myxedema developed 
at age of 2; un- 
treated. 

} years ‘ 86 not done 40% treated since early 
childhood. 

3 years 9 340 9: not done 57% treated since childhood 

300 66% 

} years 9 200 not done 50% treated since early 

childhood. 





Male: ¢. Female: 9. 

*The basal metabolic rate was charted against total calories referred to age—a 
= which Talbot considers the best for cretins in judging effect of thyroid 

[It will be seen from columns 3 and 4, that instead of the normal 
ratio of 50 to 80 per cent there is frequently a decrease, so that there 
is less ester than free cholesterol. This was noted in all cases except 
Cases 5, 6, 10 and 11. 

After intensive treatment with thyroid, Cases 5 and 6 had a fairly 
high basal metabolism, quite normal, however, for their age, as the 
basal metabolism in childhood tends to be high, and the ratio ester to 
free was normal. It is possible that the determination of the choles- 
terol fraction is of value in judging the progress of the therapy, and 
that this figure in conjunction with the basal metabolic rate may be an 
aid in judging the result of the thyroid therapy. At this time we shall 
not enter into an explanation of this reduction in the ester and cer- 
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tainly not lay the decrease to some dysfunction of the liver. Rather 
we quote Thannhauser,”® ‘‘In atrophy of the liver the total cholesterol 
in the blood is reduced and the ester is almost absent. Diametrically 
opposed to this we have shown, that in animals in whom the liver has 
been removed, the total cholesterol in the blood is increased, especially 
the ester portion. The liver may be responsible for the ratio choles- 
terol ester to free cholesterol in the blood.’’ At present therefore this 
statement expresses very concretely the extent of our knowledge of cho- 
lesterol in the blood which we hope may be enlarged by the investigation 
of more material, especially in untreated or poorly treated cretins. 


SUMMARY AND CONCLUSIONS 


In myxedema of hypothyroid origin, there is a very definite inverse 
relationship between the total cholesterol level and the level of the 
basal metabolic rate; the cholesterol is high, the basal metabolism low. 
When thyroid extracts are administered, the basal metabolic rate rises, 
and the level of the total cholesterol simultaneously falls to normal 
(below 250 mg.). In nephrosis, although the total cholesterol is in- 
ereased, and the basal metabolism may be decreased, there is no con- 
stant relationship between the two, nor is there any predictable effect 
of thyroid therapy. 

Cholesterol appears in the blood in the free state and as cholesterol 
ester, the relative proportion being—free, 20 to 50 per cent; ester, 50 
to 80 per cent. 

The only known pathologie condition in which the relative propor- 
tion is reversed is liver atrophy, in which condition there is a decrease 
of ester, which may go on to almost complete disappearance. 

This paper reports the results of a study of the proportion of free 
cholesterol to ester, in 11 eases of myxedema of hypothyroid origin. 
In all but four of the cases, the ester was reduced, so that the normal 
ratio of combined (ester) to free cholesterol was reversed; a reversal 
which, as far as we could ascertain from the literature, occurs only in 
hepatic dysfunction. In these four cases, the lowest figures in the 
group for total cholesterol was obtained, and the ratio of ester to free 
cholesterol was normal ; they also had the highest basal metabolism in 
the series—perhaps the most normal for the age, as the basal metabo- 
lism in childhood tends to be rather high than low. 

It seems that in myxedema of childhood (eretinism), not only is the 
total cholesterol increased, but at times the ratio of ester to free choles- 
terol is disturbed, so that the relative proportion is reversed. This ratio 
may become normal after intensive treatment with thyroid extracts. 

It is possible that in the determination of the ester to free choles- 
terol ratio, we may have a valuable diagnostic aid to thyroid therapy 
in this condition. 
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INTERPRETATION OF BASAL METABOLISM OF CHILDREN 


Fritz B. Tausotr, M.D. 
Boston, MAss. 


HE portable metabolism apparatus which was hardly seen outside 

of hospitals a dozen years ago, is now frequently included in the 
office equipment of physicians in many parts of the country. This 
means that metabolism determinations, which at first could be made 
only by a few specially trained investigators, can now be included in 
most clinical studies of obscure disease. The purposes of this paper 
are to summarize the knowledge required for clinical metabolic tests 
and to indicate in so far as possible the errors to be guarded against 
in obtaining and interpreting metabolic data. Although many of 
the factors to be mentioned are significant in studying the basal 
metabolism of adults, they are here considered chiefly from the pedi- 
atrician’s viewpoint. 

The methods of obtaining metabolism measurements fall into two 
categories—the indirect and the direct. When the indirect method is 
used, the amount of heat produced by the patient in a given length 
of time is not determined per se, but is calculated from measure- 
ments of the oxygen consumption. The direct method involves meas- 
urement of the heat production itself. For this direct calorimetry, 
the patient must be placed in a closed chamber equipped with suit- 
able recording mechanisms, This is the more comfortable method for 
the patient, but it requires apparatus not available to the practitioner 
in most places. The discomforts involved in indirect measurement of 
the heat production (portable apparatus) are not severe and cause 
relatively little disturbance of physiologic conditions, once the pa- 
tient has become accustomed to them. The patient lies quietly on a 
couch for a brief period, breathing through a rubber mouthpiece con- 
nected with the oxygen supply and recording apparatus. Nose 
breathing is prevented by a clip. The test is easily performed and 
the technic can be learned in a short time by any one accustomed to 
simple laboratory procedures. If directions are followed accurately, 
there is little chance of introducing errors other than those inherent 
in the method itself. 

The majority of inaccuracies are due to failure to establish ‘‘ basal 
conditions’’ before and during periods of observation. Lack of co- 
operation, and the excitement or nervousness of the patient due to 
fear or unfamiliarity with test conditions during the first observa- 
tions ; and nervousness and lack of tact on the operator’s part are the 
most frequent causes of unsatisfactory measurement. Work with chil- 
dren requires special knowledge and experience as well as the even 
temperament and easy manner which inspire confidence. Without 

247 








248 THE JOURNAL OF PEDIATRICS 


these, measurement is impossible, for true ‘‘basal conditions’’ cannot 
be established or maintained during the period of observations unless 
the child is essentially contented. Basal figures can rarely be ob- 
tained from children during the first test period because of lack of 
adjustment to the necessary conditions. Frequently, it is impossible 
to get significant data on the first day that the child is tested. Read- 
ings should not be considered basal unless those taken during two 
periods agree within 4 per cent. Satisfactory figures can rarely be 
obtained by means of the portable apparatus from children less than 
eight years old. 

Individual measurements are of little significance, of course, unless 
compared with a definite standard. The methods by which the vari- 
ous available tables have been compiled should be thoroughly under- 
stood before results are interpreted, if conclusions are to be valid. 
No figures should be blindly accepted at face value, for the effect of 
certain important factors cannot be included in the standard tables. 
In the tables constructed from the findings of Benedict and Talbot, 
the figures given for children less than two years of age are not 
strictly comparable with those for older children because they were 
obtained shortly after the babies had been fed. They do, however, 
fulfill all other requirements of basality, and therefore constitute a 
suitable basis for comparison. The data for children less than eight 
years old were obtained in the cot-chamber, those for older children 
by the portable apparatus in most instances. 

The standards for metabolism, like those for height and weight, are 
average figures. Since they are not absolute, it must always be re- 
membered that the limits of normal lie above and below the figure 
given. In adults, normal variations may amount to as much as 10 per 
cent in either direction; in children, interpretation is more difficult 
because a larger proportion of measurements falls outside these lim- 
its, the proportion decreasing with age. More care is therefore nec- 
essary in the interpretation of slight deviations in young patients. 

The fact is now generally accepted that the amount of heat pro- 
duced depends upon the amount of active protoplasmic tissue in the 
body; that is, for the most part upon the size of the muscles and 
internal organs. Inactive tissues like bone, fat, and the body fluids 
do not produce heat. Since the relative proportion of active and 
inactive tissue in the body varies greatly with different individuals, 
and may vary considerably in any one individual at different times, 
figures obtained from metabolic studies may at first glance appear 
misleading. Interpretations consistent with clinical experience can 
be made only after the ratio between the two types of tissue has been 
estimated. Metabolic data obtained from children of average normal 
development, that is, whose weight corresponds closely to the average 
for height and sex, can be compared satisfactorily with all available 
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standards (calories per square meter of body surface, calories per 
kilogram of body weight, total calories for age, total calories for 
height, total calories for weight). Metabolic data from thin or fat 
children, on the other hand, must be interpreted with care, for the 
make-up of the body has a great effect upon the significance of the 
figures. Unless weight is approximately average for height and sex, 
metabolic data cannot be compared with any standard in which total 
heat production is divided by the weight—alone or as part of some 
formula; for example, with tables of the average number of calories 
per kilogram of body weight or of the number of calories produced 
per square meter of body surface. In the latter case, the surface area 
of the body is estimated from a formula which includes weight. It 
is possible partly to compensate for errors which arise in this manner 
by making certain corrections, but in actual practice it is more satis- 
factory to compare the data obtained from fat or thin children with 
both weight and height tables (see Tables I and IL) and to estimate 
the significance of the figures from the discrepancy between the two 
standards. There is no standard of metabolism from which to draw 
conclusions about individual measurements with mathematical accu- 
racy, because of the great variety of factors involved. No table ean 
be constructed to take all of these into account, but all factors should 
be considered in the diagnosis of each individual. 

Measurements obtained from tall and short children of average 
weight for height are comparable with standards of calories per square 
meter, calories per kilo, and total calories for height and weight. 
Figures from underweight children are comparable with total calo- 
ries for height, total calories for expected weight, calories per kilo 
of expected weight, and calories per square meter of body surface if 
the expected weight and not the actual weight is used in the formula 
for figuring area of body surface. If the actual weight is used in the 
last two calculations, the metabolism will appear increased, although 
it actually is normal in terms of total calories for height. The metabo- 
lism of children who are obese (i.e., weigh 20 per cent or more above 
the average for children of the same height) shows the opposite effect 
until the extra activity involved in carrying the fat causes superior 
development of the muscles. The calories per square meter and per 
kilo tend to fall below normal, and the total calories for height and 
for weight are normal. After superior muscular development takes 
place, the metabolic figures are higher than the standard total ealo- 
ries for height and correspond closely to the total calories for weight. 
The same effects may be seen whenever weight is added to the body 
in the form of inactive substance, for instance in edema and ascites. 

Table III gives an indication of the importance that may be attrib- 
uted to percentage deviations from the standard metabolism when 
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TABLE I 


BASAL 24-Hour Heat Propucrion or Boys AND GIRLS FROM THE First WEEK 
Arrer BIRTH TO 12 YEARS or AGE, PREDICTED From HEIGHT* 





veun PREDICTED HEAT | ; 
we BOYS GIRLS —. | rs | GIRLS 
em, cals. cals. cm ~—~«S als. cals. — 
48 122 100 { 675 
49 136 | 101 785 685 
50 150 102 { 693 
51 j 165 103 7$ 700 
52 7 178 | 104 711 
53 f 194 105 5 720 
54 98 208 106 730 
55 222 107 740 
56 292! 236 | 108 2 749 
57 238 250 109 2 759 
58 26 268 110 769 
59 28 283 111 778 
300 112 5 788 
318 113 85: 797 
332 114 865 807 
350 115 75 817 
367 116 8: 828 
384 117 9: 837 
401 118 ¢ 847 
418 119 92 857 
435 120 935 866 
452 121 945 875 
468 122 95: 885 
483 123 965 894 
500 124 9) 904 
516 125 ¢ 915 
530 126 1000 925 
543 127 1015 935 
557 128 1025 945 
567 | 129 1035 956 
575 130 1045 965 
583 131 1060 975 
586 132 | 1072 985 
591 133 | 1083 995 
595 134 | 1095 1005 
598 135 - 1105 1016 
602 136 1115 1026 
: 605 137 1130 1037 
86 16 607 138 1140 1047 
87 7 610 139 1152 aune 
SS 185 612 140 1165 — 
89 395 615 141 1175 —_—— 
90 705 617 142 1187 intntase 
91 620 143 1200 
92 623 144 1210 
93 626 145 1220 
94 630 | 146 1232 
95 637i 147 1242 | 
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*Talbot, F. B.: Physiological Reviews 5: No. 4, pp. 490, 491 October, 1925. 


compared in the manner suggested above. In Table IV are listed a 
few conditions in which the metabolic level is of special interest. 

It is technically easy to determine the metabolic level; often diffi- 
cult to establish and maintain basal conditions, particularly in chil- 
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BASAL HEAT PRODUCTION oF Boys AND GIRLS Per 24 Hours PREDICTED FROM 
Bopy WEIGHT* 
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| GIRLS 


~|BODY WEIGHT 
(WITHOUT 


| cals. 
| 818 
830 
842 | 
855 
867 
880 
890 


29.5 


30.0 


|\CLOTHING ) 


~ 
= 
° 
aH 


PREDICTED 
HEAT 


BOYS | GIRLS 
cals. 
1032 
1045 
1058 
1070 
1080 
1090 


cals, | 
1103 
1115 | 
1127 | 
1140 
1150 
1160 | 
1170 


318 
350 
377 
405 
432 
460 
480 
500 
520 
540 
560 
580 


7ORr 


jae 
740 
755 
768 
780 
793 
805 
818 
19.0 830 | 780 

19.5 845 | 793 

20.0 | 860 | 805 | 


| 

| 953 

| 965 | 
978 

990 

1005 | 
1020 

1033 | 
1045 | 

1058 | 987 
1070 | 1000 
1080 | 1010 
1090 | 1020 


1180 
1190 
1200 | 
1210 
1220 
1230 
1240 


900 | 
915 
930 | 
940 
950 
962 
975 


24.0 
24.5 
25.0 
25.5 | 
26.0 
26.5 
27.0 
27.5 
28.0 
28.5 
29.0 


15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 


690 
700 
710 
722 
735 
747 
760 


770 


34.0 
34.5 
35.0 
35.5 
36.0 | 
36.5 | 1248 | 
37.0 | 1255 | 
37.5 | 1265 
38.0 | 1275 
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*From Benedict and Talbot: Carnegie Inst, Wash., Publication 302, p. 


TABLE IIL 


High—if basal—ex- ) 
cept at puberty | 

Only figures which 
have been obtained 
from repeated tests 
and have checked 
closely should be 
accepted as basal. 


} Under suspicion 


Under suspicion 


Normal 
| 


Low J 


TABLE IV 


CONDITIONS IN WHICH THE METABOLIC LEVEL Is OF INTEREST 


METABOLIC LEVEL 
DEPRESSED | NORMAL 

| Edema |Fever 

Mongolianism [Hyperthyroidism 
(usually ) 

|Eezema (usually) 

\Iehthyosis (usually) 


| ELEVATED 
Subnormal temperature 
Severe chronic malnutrition 
Hypothyroidism (myxedema ) 
Hypoadrenalism (Addison’s disease) 
Hypogonadism (probably) 
Mongolianism (occasionally) 
Eezema (occasionally) 

Ichthyosis (occasionally) 


dren; and always very difficult to interpret intelligently the figures 
obtained without knowledge of all the technical and physiologic fae- 
tors which affect the significance of the standards. 
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ON THE MOTION OF GROWTH 


PROLEGOMENA TO THE CLINICAL Stupy oF HuMAN GROWTH AND 
METABOLISM 


NorMAN ©. Werzeu, M.D. 
CLEVELAND, OHIO 


Das Wachstumsgesetz selbst war schon durch die ersten 
umfassenden Massenuntersuchungen im wesentlichen fest- 
gestellt, die Ergebnisse spiiterer Forschungen zeigen 
nur, dass die aus den Massenuntersuchungen abgeleiteten 
Durchschnittswerte wohl verschiedene Héhenlage, aber an- 
niihernde Gleichheit des Kurvenzuges aufweisen.—Czerny. 


HE central event of human infancy and childhood is the trans- 
action universally recognized as growth. It may be said in fact 
that al! pediatric effort, both past and present, has been and is con- 
cerned in the last analysis with the preservation of this fundamental 
biologie process. Such effort aims in actual practice to prevent any 
of the numerous agencies that might in the least impede or interfere 


with normal bodily and mental development. Health and growth as 
a matter of fact go hand in hand, and any deviation from them, 
whether strictly pathologie or not, becomes in turn the problem of 


the pediatrist. 
GENERAL REMARKS ABOUT HUMAN GROWTH 


There is, then, no escape from dealing directly or indirectly with 
growth. As pediatrists we are bound in the nature of the case to 
meet it at every turn throughout the entire epocli over which it has 
become our privilege to supervise the well-being of human subjects. 
Take the premature infant, for example, whose care is always a mat- 
ter of great concern. The fundamental principles of management 
remain, of course, the same as for the full-term child, yet the execu- 
tion of proper feeding technice—to mention but this—is measurably 
more difficult although it cannot be contended that this is so simply 
because such an infant happens to be less mature or less ripe than its 
full-term brother. The difficulties here depend even more upon the 
fact that a premature infant is subject to a strain of growth never 
previously or ever later to be encountered. It is required, unfor- 
tunately, to rise to the very peak of the full flux of growth at which 
the normal baby is naturally born, and above all, to do so under con- 
ditions that cannot as yet completely meet the standards of exquisite 


From the Babies and Childrens Hospital, and the Department of Pediatrics, School 
of Medicine, Western Reserve University. 
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regulation which intrauterine life characteristically provides. How 
often, for example, does a premature infant of 1000 gm. double its 
weight in the succeeding forty-four days to keep the pace of more 
fortunate fetal contemporaries? Here indeed, we may truly say, is 
real growth; but since it is rarely attained in a similar case under 
ordinary conditions of actual practice we are bound to inquire into 
the problem and the more so, when we compare the beautiful uni- 
formity of data displaying the course of normal fetal growth with 
the vastly different and highly irregular trends commonly witnessed 
during corresponding intervals of postnatal existence. 

Clinical interest in the matter of growth takes its origin most con- 
veniently at birth. Among questions relating to growth and having 
considerable clinical importance even at this early stage of life are 
those regarding the viability, and as already noted, the development 
of the premature baby, the cause of birth, and the physiologic loss in 
weight, but their discussion must wait consideration of somewhat 


more fundamental problems. 

Succeeding birth, we are wont to observe a young subject develop 
as the process of growth unfolds itself, and always to do so no doubt 
with a considerate and humble amazement at the regularity, and 
one may even add, at the biologie precision with which the familiar 


landmarks are reached and passed. What, we ask, can this be; or 
failing the ultimate answer, what are the significant features of the 
process ; how are they to be recognized or interpreted and what must 
be done to preserve them? We ask also that the answers be simple, 
else our new knowledge can hardly have practical worth. But, to 
insist on the latter stipulation, we imply a priori that the laws of 
growth are themselves simple, and of this there is much legitimate 
doubt. We shall not, moreover, be spared a certain disappointment 
if we cannot at once accept the fundamental tenet that we deal, in 
any form of growth, with one of nature’s most compiex mysteries. 
In fact, it is easy to reach such a conclusion by examining a few ele- 
mentary propositions. 


REMARKS AS TO THE SIMPLICITY OF THE LAWS OF GROWTH 


From the biologic point of view all growth is truly a matter of 
cellular multiplication. Let us set down then the simplest possible 
law of growth which, with certain reservations, is this: Cellular re- 
duplication, once initiated, will continue wniformly in its state of mo- 
tion until acted upon to change that state. But, in so doing, we have 
already made three important assumptions regarding the nature of 
growth: first, that growth consists of an increase in cell number; 
second, that there exists something which will enable cells to redupli- 
cate, and third, that there is something else which may or may not 
inhibit the process. A more complete statement, consequently, would 
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require additional investigation into and specification of, each of these 
three postulates, to say nothing of an examination of the rather evi- 
dent implication that growth once initiated will proceed, other things 
being equal, in purely geometric fashion. 

Now, it happens that the geometric type of reduplication is re- 
peatedly approximated in every bacterial culture; that it is witnessed 
unequivocally in successive generations of paramecia, or in tissue- 
cultures, and that it even appears to quite a recognizable extent dur- 
ing the embryonic phase of human growth. But it is in this sense, 
and only in this sense that the law or its application remains ‘‘sim- 
ple’’; for experience shows, as even Lucretius' knew, that reduplica- 
tion under ordinary conditions of life comes sooner or later to a close. 
Our lines of inquiry must therefore be directed at the agencies which 
can and do affect the state of growth, as well as into those ‘‘things”’ 
which cannot now obviously remain ‘‘equal.’’ Yet even if these cir- 
cumstances may ultimately prove to be themselves of quite a simple 
nature (though this is also highly unlikely), we have departed from 
the simple to deal actually with something definitely complex. Nor 
is this all, for we have thus far just mentioned the matter of growth 
initiation, but not how this may be presumed in simple fashion to 
come about. Still, our main object of the moment has been achieved, 
for it is now evident that, if we seek and later obtain rudimentary 
relationships, we shall be able to deal only with rudimentary events; 
that the laws of growth, instead of being themselves simple, must 
clearly be organized combinations of more elementary statements; 
and finally that rugged simplicity in the case of human growth is 
beyond the range of expectation. 

The preceding remarks are not intended to mean that the problem 
is any less soluble than before. Indeed, the reverse is actually true, 
for, as a result of all the work done previously, we are in better po- 
sition than ever to recognize and to proceed with further projects. 
Modern knowledge of infant feeding with its heritage of the past has 
made us all familiar with the energy requirements of growing chil- 
dren. Studies of nutrition during the last quarter of a century, so 
ably presented and interpreted by Czerny in his classical work on the 
subject, have placed at our disposal a myriad of facts of everyday 
use, albeit that much of this information on growth has been col- 
lected, interestingly enough, through observations of the very process 
whose fundamental nature still remains obscure. Thus the indispen- 
sability of tryptophane, or of other amino acids, the similar and 
equally important need for the vitamins have in great part been es- 
tablished by observations which compared growth in the experimental 
animals with that in appropriate controls. Such studies are, however, 
more properly concerned in the last analysis with the fuel of growth 
rather than with growth itself. Still, on the basis of this vast and 
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solid foundation there can be no hesitancy today in accepting the view 
that all growth depends directly upon a suitable source of nutriment, 
and hence, in Spencer’s terms,’ upon energy exchange as well. 

In addition to this knowledge of fuel intake we possess reliable, 
though perhaps not complete, information on energy, or better, heat 
elimination. We know, further, much about the natural course of 
growth, as this is recorded by incremental change from time to time. 
We need, next, a glimpse of what goes on in conjunction with, and at 
the time of, reduplication. From the dynamical point of view noth- 
ing would serve so well as some convenient measure of energy ex- 
change, provided we knew the relation between growth on the one 
hand and say heat production on the other. Until recently no such 
direct relationship has been brought forward, our own results, else- 
where presented,* affording, we believe, some insight into the connec- 
tions between growth and basal metabolism. It should, therefore, 
ultimately be possible to consider some of the underlying events as 
well as their clinical significance from each of these essentially prac- 
tical points of view. Here, however, it will be best to devote some 
preliminary attention to definitions, especially to that of growth it- 
self; to a consideration of the matter of size, as regards mass or 
length, and finally to a brief description of the scheme of energy ex- 
change upon which the dynamical connection of growth and metabo- 
lism has been found to depend. 


DEFINITIONS 


In treating the problem of growth primarily from the clinical point 
of view it is comparatively easy to set down and to accept almost any 
of the definitions of growth thus far proposed. This is so chiefly be- 
sause the normal organisms with which we deal are fully differenti- 
ated at the time of, and for that matter, even considerably before 
birth. It is unnecessary, therefore, to place emphasis upon processes, 
such as that of tissue differentiation, which at an earlier stage nor- 


mally accompany and are so closely associated with growth itself 
that it is not always possible to distinguish or to deal with either of 
them separately. Consequently, it is quite reasonable to consider the 
human infant as representing an organized group of various cell 
populations, and on this basis we shall treat the case of human growth 
much in the manner of dealing with the simpler example of growth 


among uni-cellular colonies. 

The Definition of Growth—The matter of definition is of particular 
import chiefly because it has been found necessary to alter slightly 
but significantly the almost universal opinion that growth is to be 
defined in the broadest sense as increase in size. The latter, to all 
intents and purposes, seems logical enough; and it has thus been 
adopted by many writers on the subject. An excellent expression of 
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this view has been given by Julian Huxley wherein he speaks of 
growth as ‘‘a process of self-multiplication of living substance,’ a 
statement that is evidently quite in accord with the suggestion just 
previously made to the effect that we shall here treat the human in- 
fant as an organization of various cell-populations upon whose re- 
duplication growth is considered in chief part to depend. 

There has, of course, been perennial conflict as to whether in the 
human ease, for example, size should be measured preferably in terms 
of length, mass, or even volume, it being clearly impossible to esti- 
mate size in terms of cell number. To this particular matter we shall 
return later; it is more important just now to see that such diseus- 
sions must always remain somewhat beside the point as long as the 
definition of growth itself must be held in question, for even though 
final agreement as to the best measure of size may ultimately be ob- 
tained, we would still be left with the impression that growth is, and 
ean only consist of, an increase in size. 

We prefer instead, on the basis of results outlined elsewhere,* to con- 
ceive of growth as associated with a change in size rather than to 
specify that growth consists exclusively of an increase in size. From 
the practical point of view, of course, it is immaterial whether we 
speak of the usual form of growth as a change or as an increase in 
size because the increments accompanying normal growth are obvi- 
ously positive. But the distinction just noted is important to a clearer 
understanding of the fundamental factors which together effect, and 
for that matter control, what is commonly called growth. A simple 
case will illustrate the usefulness of viewing the problem in terms as 
general as these. We know, for example, that appropriate quantities 
of suitable food will sustain the growth of a young infant or of some 
young experimental animal; we know also that abstinence from food 
cannot be followed by continuous increase in weight, and indeed that 
the reverse is always true. We are thus confronted with the alterna- 
tive of calling the positive changes growth, the losses starvation, and 
the entire scheme something else, as though each of these events were 
essentially different transactions without bearing upon, or without 
any relation, save that already mentioned, to each other; or, of taking 
the simpler position that all changes whether positive or negative, 
and hence quite independent of food supply at all, are dominated by 
a single process which succeeds under normal circumstances in pro- 
ducing the result called growth, or under ‘‘abnormal’’ conditions, in 
traversing with equal certainty the path recognized broadly as star- 
vation. The fundamental phenomenon is thus made to take the name 
of its more conspicuous subsidiary, whence it is natural to regard the 
entire affair as a problem in the ‘‘motion of growth.’’ Support for 
this suggestion is found not only in the fact that the actual course of 
starvation may be predicted from the equations of growth for the case 
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of complete or even partial removal of food, but also in the fact that 
the trend of basal metabolism during starvation is just as definitely 
accounted for as it is during the normal course of growth.* 

Thus far, however, we have not defined growth in sufficiently exact 
terms, for study of the subject clearly reveals that there is something 
more to the quantitative character of growth than mere change in 
size; there is, in fact, no difficulty in realizing that the latter descrip- 
tion, concise as it is, refers, and can refer only to a difference in size 
at two succeeding times, and thus to a gain if the difference be posi- 
tive, or to an actual loss if the reverse be true. Growth, on the other 
hand, in its purest form, is intrinsically a matter of cellular reduplica- 
tion and not one of simple change in cell number; it is, moreover, 
clearly dependent upon energy exchange, and it is likewise subject, 
as we have elsewhere shown, to actual dynamical constraints, whence 
we are easily led to consider all growth a mode of motion the essence 
of which is held to be change in size per unit size. 

The capital differences between ‘‘true growth’’ and ‘‘ordinary 
gain’’ as just described, are set out in Table I where items (2) and (3) 
represent in mathematical notation the quantities likewise given by 
items (1) and (4) respectively. 


TABLE I 


COMPARISON BETWEEN TRUE GROWTH AND ORDINARY GAIN 


GROWTH 
~ (1) Definition "Change in Size per 
Unit Size 
t 
1 dz 


(2) Quantity* = _ dt = Loge. 





(3) Instantaneous dq_1d dz 


Rate at z dt di 


(4) Unit of Rate Kg./Kg./T Kg./T 





*The letter 2 represents size in terms of mass, length or cell number. 


The preceding statements and the data in the table thus emphasize 
what may be termed the ‘‘relativity of growth,’’ a point of view by 
no means distinctly new, for Minot® as early as 1891 recognized its 
importance and made the first clearly conceived efforts to compute by 
approximation what he properly termed ‘‘the rate of growth’’ and 
what may also be called in the usual case, the relative rate of gain. 
The success of more recent investigators, incidentally, in dealing 
mathematically with certain forms of growth is especially noteworthy 
in the case of those who employ expressions based upon, or directly 
related to, an equation first proposed by Benjamin Gompertz® in 1825, 
which implicitly takes account of this ‘‘relativity of growth.’’ 














258 THE JOURNAL OF PEDIATRICS 


Size-—With this particular conception of growth itself in mind, we 
are next confronted by the traditional problem regarding size. Here, 
however, greater leeway is permissible, and it may be admitted that 
the specification of size can, for the most part, be quite properly de- 
cided, in the individual case, on the basis of suitability or even of con- 
venience. From the biologic point of view the most generally ac- 
ceptable measure of size is clearly cell number. This is a unit which 
may be immediately applied to the case of growth in unicellular popu- 
lations, though it suffers in the ease of the higher forms in part from 
the fact that not all cells of such an organism are either alike or them- 
selves of identical size. But the greater difficulty in these instances 
is to count the cells, and we are therefore required to express size in 
terms, either of length or mass. A choice between the two is again 
purely a matter of convenience, provided we desire to use but one of 
these dimensions, for mass is itself a function of length via the property 
of density, and so long as the latter remains constant it is unimpor- 
tant from this standpoint alone, whether we determine size as a fune- 
tion of length or of mass. In a complete analysis, and in the most 
general case where length and mass are understood to vary independ- 
ently, each will need to be considered; but, since it is always prefer- 
able to work as long as possible with a single dependent variable, we 
approach the study of human growth best of all in terms of mass, or 
for practical purposes, in terms of weight, neither the convenience, 
nor the precision of which is in any serious doubt. Such procedure is 
especially allowable where, as in the human ease, a certain change in 
mass at a particular stage of development calls for a corresponding 
change in length, though the relation between these changes is obvi- 
ously not, nor does it need to be, uniform over the entire growth epoch. 

Metabolism or Basal Metabolism.—This useful term has found and in- 
deed in certain respects, deserves the numerous applications it already 
enjoys. When used alone, however, it refers in general to energy 
exchange and in particular to that portion of energy which is actually 
disbursed and can be measured in the form of heat by accepted mod- 
ern methods of procedure. But heat production, in turn, has been, 
and in reality requires to be, treated in one of several ways. There 
are, as a matter of fact, three essentially different units in which heat 
production may be expressed and for purposes of clarity they are out- 
lined briefly in Table II. 

TABLE II 


CLASSIFICATION OF BASAL HEAT PRODUCTION 


TYPE UNIT 
1. Cumulative Heat Calories* 
2. Rate of Heat Production Calories per day 
3. Rate of Heat Production Calories per Kg. per day 
per unit of size, i.e., 
True Metabolism 


*The large or Kg. Calorie. 
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The term metabolism, if it is to be useful at all, can obviously not 
apply to each and every one of these three units of heat output in- 
clusively, primarily because it is intended, whether so expressed or 
not, to convey a decidedly more restricted and definite impression 
than that contained in the comprehensive phrase ‘‘heat production.’’ 
Consequently, in order to avoid misunderstanding, it is suggested that 
the unit of heat production given in item 3 of the table, be accepted 
as defining the term metabolism when the latter is used alone in con- 
nection with basal heat production. 

Thus, so long as mass is chosen in place of length as the more ap- 
propriate measure of size in dealing with growth, it is correspondingly 
preferable in the case of human metabolism to employ the unit ex- 
pressed in Calories per Kg. per day rather than to turn obliquely away 
from the original scheme of things in order to record heat output in 
terms of surface area. The latter method has been, and continues to 
be, widely employed in practice, chiefly on the basis of a long and 
truly serviceable tradition. But it possesses indubitably the serious 
disadvantage of propagating the entirely false impression that sur- 
face area bears a direct causal relationship to heat production. In 
the extensive discussions which have appeared on the subject argu- 
ments pro and con have been presented with equal fervor, though it is 
quite immaterial whether surface, mass, or even length are employed as 
the base of reference, since all of these are explicitly connected by 
means of the property of matter, called density. The latter, as D. E. 
Zook’ has recently shown, remains sufficiently constant throughout life 
to be treated so. Besides the transformation from Cal./Kg./Day to 
Cal./sq.M./Day is a perfectly simple procedure, and the formulas of 
Meeh, Lissauer and of others as well as any success to which they are 
entitled to lay claim depend, though the fact is not everywhere recog- 
nized, upon the form of this fundamental physical relationship of mass, 
length and density. But so long as mass is the unit of choice in the 
matter of growth—so long as growth itself is dynamically responsible 
for the peculiarities of heat production in infants and children, and 
so long as it is held desirable to determine the quantity of heat rela- 
tive both to size and to time—there is, to be consistent, more reason 
to express the results with reference to weight than to surface area, 


‘ 9? 


even though weight must be acknowledged to ‘‘vary’’ more widely 
than body surface when individual children are compared. 
It is indeed, on just the latter account, that standardization on the 


basis of surface has found much of its favor in modern practice. Now, 


in view of the physical relations already noted, a given change in 


mass is bound to be accompanied by a comparatively small change in 
body surface, density remaining the same, whence it is clear that 
measurements referred to surface as a standard must in the nature of 
things be expected to appear more uniform and therefore less irregu- 
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lar than similar data referred to mass and weight. It cannot, more- 
over, be denied that the desire to discover straight-line relationships 
is paramount in all scientific work; and this otherwise highly com- 
mendable purpose has not failed to leave its very definite mark on the 
matter of human heat production. But it is just here that we meet 
what may truly be called the crux of the problem, for, granting the 
theoretically sound desire to refer heat production both to units of 
size and time, it turns out, however, that the fundamental relation- 
ships between size and metabolism during the period of growth are 
nowhere nearly linear, though the approximation to this as one must 
expect is somewhat closer when surface is employed as the measure 
of size. 

A far more satisfactory method of avoiding the discrepancies under 
discussion is to employ the unit given by item 2 of the table, namely, 
Cal./Day, for although size also enters explicitly into the equations 
which define this quantity, it does so in far less adverse fashion. In- 
deed, from an analysis of the equations which relate metabolism to 
growth it can be readily understood why rate of heat production per 
unit of size (item 3) must always be much more susceptible than the 
quantity defined by item 2 to equal differences in size, quite irrespec- 
tive of whether mass or surface is employed. The practical result is 
that we must always expect beforehand to see a conspicuously greater 
scatter in computations which record Cal./Kg./Day, than in those 
expressed in terms simply of Cal./Day. One needs only to examine a 
set of corresponding data on the subject in order to become convinced 
of the comparative uniformity which observations recorded in Cal., 
Day display ; indeed, when the highest precision is required, it becomes 
not only advisable but actually imperative to work with quantities 
expressed in this unit. ; 

The preceding remarks may be summed up as follows: the term 
metabolism implies quantitative knowledge in regard to energy ex- 
changes which take place in the body, as judged by and inferred from, 
measurements of heat production. It implies also that such measure- 
ments have been obtained in a standard state with respect to exercise, 
sleep, and digestion, and further that the results for purposes of final 
comparison are likewise expressed in relation to standards of size and 
of time. This is theoretically sound, and it justifies, accordingly, the 
suggestion that the term metabolism be accepted to refer solely to 
heat production expressed in terms of Cal./Kg./Day, the stipulation 
of weight in preference to surface being made on the ground that 
mass is the more suitable measure of size in dealing with growing 
subjects. But it is pointed out that data expressed in terms of this 
unit are bound to show a comparatively greater irregularity in prac- 
tice, in part because the unit itself is triply complex and in part be- 





WETZEL: MOTION OF GROWTH 261 


cause size, either as weight or surface enters the equations of metabo- 
lism in such a way as to affect the end results adversely. Greater 
uniformity is not only to be expected in, but is actually displayed by, 
observations on heat production which are expressed in the simpler 
unit of Cal./Day. The latter phenomenon is of particular interest 
here because it can be strikingly demonstrated in data on the heat 
production of infants and young children. 


THE SCHEME OF ENERGY EXCHANGE FOR GROWTH AND METABOLISM 


Having thus considered a number of the more important proposi- 
tions that are fundamentally in the background of any discussion on 
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human growth, it will be useful to outline briefly the scheme of energy 
exchange by means of which it is possible more clearly to understand 


many otherwise occult phenomena of growth itself, and upon which, 


in terms of our own analysis, the dynamical connection between growth 
and metabolism may be said to rest. The procedure itself is simple 
and is illustrated diagrammatically in Fig. 1. It is based primarily 
upon the fundamental assumption, quite easily justified by the con- 
servation law, that an infant let us say, in the basal state requires 
energy for the dual purpose of growth and maintenance alone. There 
are two respects in which this scheme differs from previous interpre- 
tations, and special emphasis needs, for the sake of clarity, to be 
placed upon them here. The first, as is obvious from the figure, re- 
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lates to the several forms in which energy is disbursed during the 
process of growth; the second to the matter of defining the sense 
with which the term maintenance is employed. 

So far as the former of these two points is concerned, it may be 
seen from the chart that the energy supplied for growth is held to 
be distributed and utilized in five essentially different ways: (1) new 
cells, (2) storage, (3) momentum, (4) dissipation, and finally (5) in 
the process of synthesis or cellular proliferation, the subjoined char- 
acters V., x, A, p, E., denoting respectively the several terms in the origi- 
nal equations of growth and metabolism® that are concerned with the 
energy partition just mentioned.* But it is also important to know, 
even from the clinical side of the matter, that these symbols represent 
in reality, certain fundamental properties of growth, or perhaps bet- 
ter, of the entire system which is undergoing growth. Thus, to take 
but one example, the symbol p represents what we have termed the 
resistance to growth. It is associated, in virtue of this property with 
energy that is dissipated during the process of reduplication, by which 
we mean that such energy cannot be recovered to do any further work 
of growth. Energy so consumed moreover is ultimately liberated in 
the form of heat and it becomes, as a result, a major factor in the mat- 
ter of metabolism. Thus, as the chart indicates, the resistance p con- 
stitutes one of the main connecting links between the events of pure 
growth on the one hand and heat production on the other. 

But an even more important reason why it is necessary to take 
cognizance of this and of the other symbols is that no satisfactory 
understanding of growth ean be obtained until we are informed pre- 
cisely how any factor known to affect growth itself, likewise and in 
turn operates on the various properties of the system schematically 
arranged and symbolized in the figure. It is evident therefore that 
growth is insufficiently described, or understood, by merely detailing 
successive changes of size with respect to age. Accordingly, to get to 
the bottom of things we shall need to learn not only that some sub- 
stance, x say, ‘‘promotes’’ or ‘‘fails to promote’’ growth, but we shall 
actually be required to find out precisely how this substance or fac- 
tor x affects each of the foregoing fundamental properties of growth 
as well. To collect this information it is necessary, as the present 
scheme briefly suggests, simply to study growth on the one hand with 
concomitant heat production on the other. Such problems, of course, 
are quite definitely a matter of further research; yet, it seems logical 
that those who are intimately and primarily concerned with human 
growth should also be made aware of their importance. 


Energy of Maintenance.—It has been the custom of pediatrists to 
speak broadly of the maintenance requirement as that quantity of 


*A further description of the above symbols. as well as a synopsis of other funda- 
mental quantities entering the equations of motion appears in a current paper.’ 
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energy necessary at any stage of infancy or childhood to prevent loss 
of body weight, and consequently as that quantity sufficient for all 
purposes (including activity and waste) other than that of growth 
itself. Now, discounting the fractions recently classified as ‘‘super- 
metabolism,”’ i.e., food, activity and temperature,* a similar interpre- 
tation can be made to apply to the basal state. Consequently, since 
basal metabolism (Cal./Kg./Day) is actually higher in infancy than 
in childhood, it is clear that ‘‘maintenance needs”’ in the sense de- 
scribed above, will likewise decline as age advances and as the ‘‘im- 
petus’’ of growth becomes less. On a comparative basis an older child 
in the basal state will therefore require less energy than an infant to 
keep from losing weight. This particular interpretation of ‘‘main- 
tenance’’ fills a useful place in practice but it has been found neces- 
sary, in dealing with growth and metabolism from the dynamic point 
of view, to look upon this question of maintenance somewhat differently. 

True maintenance, from the latter standpoint, can and should be 
held to apply only to tissue that is physiologically at rest, and that is 
to tissue in a state of pure and simple existence. Thus, tissue which 
is in a state of growth is not considered as being ‘‘at rest’’; it is, as 
a matter of fact, ‘‘in the motion of growth,’’ though quite evidently, 
just as much in need of being nourished as though it were not. Its 
energy requirement will, obviously, and for the reason just mentioned, 
be more than that of an equal quantity which remains ‘‘at rest’’; and 
it is evident, therefore, that maintenance so defined refers solely to 
the quantity of energy required to keep the cells in nutritional equi- 
librium. The proposition here involved could be put forth in another 
way, by stipulating that comparisons of maintenance energy should 
be calculated for tissues in the same state of activity, whence, for 
obvious reasons, it would be simplest to select the state of ‘‘rest’’ as 
the most suitable base of comparison. Thus, basal heat output, weil 
known to be high in infancy and throughout childhood we shall con- 
sider high solely because it is generated by tissue which is naturally 
in a different state of activity at this, than at a later stage of life, 
and the difference will be held to the account of growth itself. These 
relationships are most simply portrayed by means of the self-explana- 
tory scheme already presented in Fig. 1. 

From this it is clear first that basal heat production in growing sub- 
jects must always exceed that of subjects in whom growth has ceased ; 
and second, that the comparatively higher metabolism and the rela- 
tively greater energy requirement of healthy infants and children is 
due, and due only to the fact that they are immersed in the flux of 
growth. 

It may finally be understood on the basis of the present conception 
of growth, and from the foregoing definition of maintenance, how the 
restriction of food to the level of maintenance requirements alone 


tee 
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(25.34 Cal./Kg./Day) will necessarily be followed by a course of swift 
and uneseapable loss of weight in a subject undergoing growth, and 
how, on the contrary, another subject who has come to the stage of 
adult equilibrium and is given an equivalent quantity of food, will 


ineur no loss at all. 
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